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City of Alexandria, Virginia

MEMORANDUM
DATE: NOVEMBER 7, 2003
TO: THE HONORABLE MAYOR AND MEMBERS OF CITY COUNCIL
FROM: PHILIP SUNDERLAND, CITY MANAGE

SUBJECT: AIR QUALITY ISSUES RELATED TO%HE OPERATIONS AT MIRANT
POTOMAC RIVER GENERATING PLANT

The purpose of this memorandum is to address air quality issues related to two types of
emissions from the Mirant Potomac River Plant, particulate matter (“PM”) emissions and oxides
of nitrogen (“NOx”) emissions. The memorandum provides a summary of the information
included in the Mirant Power Plant Emissions and Health Effects Report (“Report”)

(Attachment 1), submitted to the City in late August by Elizabeth Chimento and Poul Hertel,
identifies the air quality issues related to the Mirant Alexandria plant emissions that are raised by
the Report, and describes the steps the City is pursuing to address these issues.

I

Particulate Matter Emissions from the Mirant Plant

Summary of Studies Presented in Report

The Report is an excellent compilation of some of the more recent studies relating to air
pollution and the health effects of fine particulates, both in general and from coal fired power
plants in the Washington Region, including the Mirant plant in Alexandria. The information
below summarizes the studies included in the Report, which can be categorized into three types:

1. A number of recent general health studies indicate that substantial long-term
exposure to fine particulate matter — i.e., particulates of a diameter less than 2.5
microns (“PM, ;") — may pose a risk to human health. The central theme of these
studies, including Levy et al. and Pope et al. (JAMA article) which are addressed
in the Report, is that there is a correlation between substantial, long-term
exposure to ambient concentrations of PM, 5 and increases in cardiopulmonary
mortality, lung cancer and other adverse health impacts, even when the
concentrations are below the National Ambient Air Quality Standards
(“NAAQS™) for PM, ; that have been established by the federal government.'

' The NAAQS for PM, is 15 micrograms per cubic meter (pg/m®) annual mean, and 65 pg/m’
measured on a 24 hour basis. Further discussion of these standards is on page 6 below.




2. The Levy study finds that if “Best Available Control Technology,” or BACT (a
term referring to the most effective, currently available pollution control
technology) for PM, NOXx and sulfur dioxide (SO,) were installed on the five coal
fired power plants in the Washington region (including the Mirant plant in
Alexandria), regional PM, 5 concentrations would be reduced by up to 0.9 pg/m’
on an annual basis, which in turn would produce health benefits within the region,
including reductions in cardiovascular admissions and pediatric hospital
emergency room Visits. The Levy study also finds that these health benefits
would occur predominantly in sensitive populations, such as the elderly,
diabetics, asthmatic children and those with lower incomes. The Levy study
focused on a 250 mile radius area around Washington, D.C., with a population of
47 million people.

3. Separate reports from Penn State University and the Virginia Department of
Environmental Quality (“VDEQ”) addressed the makeup of particulate matter
collected from homes in the immediate neighborhood of the Mirant plant. These

_reports concluded that coal dust was present in the neighborhood samples of
particulate matter, as was flyash, although to a much lesser extent. The Penn

State report also concluded that the majority of the particulates in the sample were
course particulates, greater that 10 microns in size.

The Penn State report (attached to the Report) concluded that this coarse coal dust
came from operations (not from the stacks) at the Mirant plant (e.g., from the coal
pile or coal handling processes). The VDEQ report concluded that, while coal
dust was a significant component of the particulate matter found in the
neighborhood samples, the level of particulates, including coal dust and flyash did
not exceed what is typically found in an urban setting and did not show that the
Mirant plant was producing particulates in violation of relevant regulations.
(These VDEQ conclusions are set out in a June 10, 2003, memorandum attached
to the Report, and in an August 12, 2003, memorandum which is Attachment 2 to

this memorandum.)

Neither of these two studies was quantitative; thus, neither determined the amount
of coal-related and flyash particulates in the neighborhood around the Mirant
plant that had come from the plant.

E@M

Particulate matter refers to all solid and liquid particles found in the air. Attachment 3
summarizes the size characteristics of particulates. A size of 1pm (1 micron) is equal to one-
thousandth of a millimeter or one-millionth of a meter. PM; refers to fine particulates that are
less than 2.5um in diameter; particulates less than 10pum in diameter are referred as PM,,.
Particulates smaller than 2.5um are respirable, have a greater chance of getting deposited in
lungs and, thus, are considered to have a far greater potential health impact compared to larger or
coarse particulates.




The primary source of fine particulates typically found in urban areas consists of various
combustion activities -- specifically, “point sources” such as power plants, “area sources” such
as industrial boilers and commercial and home heating systems (including wood burning stoves),
and “mobile sources” such as buses, trucks, automobiles, trains and aircraft. As earlier noted,
the current National Ambient Air Quality Standard for PM, ; is an annual mean of 15 pg/m’.

The NAAQS for PM,, is an annual mean of 50 pg/m’. Alexandria and the metropolitan
Washington area are currently meeting these standards. (For additional information on fine
particulates, see pages 18 and 19 of the Report.)

Particulate Emissions from the Mirant Plant
Three types of particulate matter are “produced” at the Mirant plant.

The first is primary particulate matter some of which is released as a result of the combustion
process through the plant’s stacks as uncollected flyash (i.e., not captured by the control
equipment described below), and some of which is released during the handling of collected
flyash. Mirant operates air pollution control equipment to control flyash particulate emissions.
The plant uses hot and cold electrostatic precipitators (ESPs) to control flyash emissions leaving
the stacks, and uses baghouses to control flyash emissions from the silos where flyash collected
by the ESPs is stored pnor to being loaded on to trucks. The ESPs control greater than 99% of
the primary particulate emissions leaving the stacks. Nonetheless, Mirant reported to VDEQ that
the plant emitted 588.3 tons of PM,, from its stacks during calender year 2002.2 A portion of
these particulate emissions are less than 2.5 microns, and are referred to as primary PM ;5

The second type of particulates generated by the Mirant plant consists of secondary PM, s These
are referred to as secondary particulates because they are formed away from the plant when
gaseous emissions from the plant react in the atmosphere to produce PM, 5, typically in the form
aerosols, nitrates, sulfates and similar compounds. These PM,  particulates are formed
downwind and miles from the plant. Because of their nature and the location of their formation,
secondary PM, ; emissions are not measured or reported by power plants.

The third type of particulates produced by the Mirant plant is in the form of coal dust that is
released during the delivery, handling and storage of coal at the facility. These particulates tend
to be coarse and large (PM,, or larger), and in some cases are visible to the naked eye.

Mirant employs the following measures to control coal dust at the plant.

. Uses a car dumper water spray header to suppress dust during the unloading the
individual coal cars;

2 A July 2001 study conducted by a consultant for Mirant identified the flyash silos as a source
of particulate emissions, and calculated that up to 29 tons a year of PM,, could be emitted from the silos,
some of which would be PM, ;.
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. Uses a car dumper door curtain to enclose the area during the unloading process;

. Uses a primary process surfactant spray, coupled with an enclosed chute, during
coal transport;

. Maintains the coal chute with a surfactant spray nozzle to reduce the coal dust
plume when coal is dropping to the pile;

. Routinely compacts the coal pile with a bulldozer and maintains the surface in a
manner not conducive to releasing fugitive dust; and

. Maintains the coal handling area in the main plant building under a slightly
negative pressure so that any leakage in this area flows into the plant.

Even with these measures, the City has received complaints in reference to particulates observed
by the naked eye in the neighborhood of the plant. In addition, it has been reported by citizens
that the coal pile is periodically higher than in previous years. The Penn State and VDEQ
studies confirm that particulates from the Mirant plant -- the first and third types of PM
identified above -- are leaving the site and being released into the community. These
particulates tend to be relatively large in size and weight and, as a result, settle to the ground
quickly and near the plant. For example, Penn State found the mean size of the coal dust
particles in the neighborhood sample it analyzed to be 45um, and the mean size of the flyash
particles to be 30pm. These larger, coarse particulates tend to be a nuisance, and present
considerably less of a health risk (if any) because they are filtered by our natural immune
systems, such as the throat and nose, and do not make it deep into the lungs, the way PM, 5

particulates do.

Particulate Monitoring

There are currently two types of particulate monitoring in the area around the Mirant plant. The
closest monitor is a PM,, station operated by the City. This was installed at the Health
Department at 517 North St. Asaph Street in October 2001 in response to community concerns
about particulate emissions from the plant. Previously, the City had been monitoring PM,, on
the west end, at Cameron Station; this was suspended when the property was sold for
redevelopment. Based upon the data produced by the monitoring station at the Health
Department, the levels of PM,, found in the north end of Old Town are similar to the PM,, levels
found in the west end of the City in the early 1990s, and the levels currently found in urban areas

throughout Northern Virginia.

The City continues to monitor for PM, at the Health Department. Attachment 4 summarizes the
ambient PM,, data from monitoring stations in and around Alexandria. Attachment 5 shows the
location of other monitoring stations, which are operated by VDEQ in Northern Virginia, and
their distance from the Mirant plant.




There are three PM, ; ambient air monitoring stations operated by VDEQ in Northern Virginia.
None of these stations is within the City. Two stations are within 4.5 miles of the Mirant plant,
one to the north and one to the south. Attachment 6 summarizes the ambient PM, ; data from
these monitoring stations (Attachment 5 shows their location and distance from the plant). The
VDEQ monitoring section has consistently maintained that the PM, 5 monitoring it currently
undertakes adequately covers the Northern Virginia region, including Alexandria. Based on
discussions with VDEQ, available monitoring data, and dispersion characteristics of PM , 5 the
levels of PM , ; in the City and the immediate neighborhood are expected to be comparable to
those throughout the Washington region.

Activity at the Federal level on PM Standards

The National Ambient Air Quality Standards for a pollutant are set at the national level by the
Environmental Protection Agency (“EPA”) after an evaluation of the sources, atmospheric
levels, exposures and health effects of the pollutant. EPA promulgated the standards for PM, 5 in
1997, but said that it would further review the standards before any areas could be designated as
non-attainment for PM, 5 and any new PM, 5 controls would be required. EPA is in process of
conducting this review, and has drafted a “Criteria Document” which evaluates the sources,
atmospheric levels, exposures and the health effects of PM, .

On September 2, 2003, EPA staff recommended an annual PM,  standard between 12 pg/m’
and 15 pg/m® (the current standard) and a 24-hour PM, 5 standard between 30 pg/m’® and 50
pg/m’ (the current 24 hour standard is 65 pg/m?®). Staff also recommended that a new standard
for the larger fraction of PM be set, which would cover particulates ranging from PM, ; to PM,,.
Clearly, more debate will occur at the federal level before enforceable air quality standards for

PM, ; will be in effect.
II.
NOx Emissions from the Mirant Plant

The process of burning coal generates oxides of nitrogen or NOx. There is a National Ambient
Air Quality Standard for NOx which the Washington region does not meet. NOx emissions are
important because they contribute to acid rain and are a precursor pollutant for the formation of
ozone. Ozone is a summertime gaseous pollutant that is formed by a chemical reaction when
NOx and volatile organic compounds react with sunlight. Ozone is the only pollutant for which
the Washington region is not meeting the applicable NAAQS. The Washington region is
classified as a “severe” non-attainment area for ozone. As a result, Virginia is required to
develop and submit to EPA, for approval, a State Implementation Plan (“SIP”) demonstrating
how Virginia will meet the ozone standard by 2005.

3 The Clear Skies Initiative, proposed by President Bush in February 2002, is currently being
debated at the national level. This program proposes a multiple pollutant approach targeting NOXx,
mercury and sulfur dioxide emissions. If enacted, the program will likely have significant impacts on
pollution controls and regulations governing older power plants, like the Mirant Potomac River plant.
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The revised SIP for ozone requires that, beginning in 2003 NOx emissions from the Mirant plant
in Alexandria be limited to an average rate of 0.15 pounds per million BTU of heat input,
resulting in a cap of 1,019 tons during the ozone season from May through September. This
emissions cap is enforced through a state operating permit that was issued by VDEQ in 2000.
This past September, VDEQ issued a Notice of Violation (“NOV”) to Mirant, charging it with
violating its permit by exceeding the allowed level of NOx emissions during the 2003 ozone
season (Attachment 7). Mirant has responded to the NOV with a letter dated September 19,
2003, disputing the NOV (Attachment 8).

VDEQ and Mirant are currently discussing options for achieving compliance with, or otherwise
dealing with, the existing Mirant permit and its NOx cap. Among the proposals currently being
discussed is the installation of “separate overfire air operational improvements” on the plant’s
boiler units 3, 4, and 5, which is projected to result in a 30% reduction of emissions from these
boilers over three years. This level of emission reductions, however, would not produce the
amount of reductions necessary for the plant to comply with the currently applicable NOx cap.

Another option for Mirant to achieve the.required NOx reductions, is to install NOx-control
technology similar to that now in use at the waste-to-energy facility (“selective non-catalytic
reduction” or “SNCR” technology). This involves the injection of ammonia into the flue gas
stream to control NOx emissions. This technology raises some important safety concerns, in that
it would involve the delivery of large quantities of liquid ammonia (or a similar compound) by
train or tanker truck to the Mirant plant and the potential for ammonia slippage, where excess
ammonia is released from the stack .

Another means for Mirant to achieve NOx compliance is to produce or obtain NOx reductions at
one or more other NOx-producing facilities in the region, and to “trade” these reductions for the
reductions otherwise required at the Potomac River plant. Under this alternative, no additional
controls would need to be installed at the Mirant plant in Alexandria.

A further way for Mirant to meet the NOx emissions requirements at its Alexandria plant is to
change the type of fuel that is burned at the plant, from coal to natural gas. This would require
bringing a high pressure gas line to the plant, at a very significant cost.

All of these options have significant positive and negative impacts that require further analysis.

IIL.
Ongoing and Future City Efforts to Address These Issues

In order to assist the City and neighbors of the Mirant plant understand the nature of the
particulate emissions coming from the Mirant plant, the health impacts, if any, of the plant’s
PM, , emissions in the immediate neighborhood, and the pros and cons of the various options
relating to the control of NOx at the plant, we plan to retain the services of a member of the
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faculty of the Harvard School of Public Health, Dr. Jonathan Levy, who was an author of one of
the studies attached to the Report. Working with the authors of the Report, we are developing a
series of questions and a scope of work for Dr. Levy. We hope to have a final scope worked out
in the next week.

The following issues are of particular significance and need to be understood before any
decisions can be reached regarding emissions from and operations at the Mirant plant. The
issues address (i) PM, s emissions from the Mirant plant, (ii) the larger, coarse particulates that
come from the plant, and (iii) NOx emissions from the plant.

. The amount of PM, s that is emitted from the Mirant plant.

. The extent to which the Mirant plant’s PM, s emissions contribute to the ambient
levels of PM,  that are found near the plant and elsewhere in Alexandria.

. The most effective means of reducing PM, s emissions from the Mirant plant, if
reductions are needed to reduce unacceptable levels of this pollutant near the
‘plant or elsewhere in Alexandria or the region.

. The extent to which coarse particulates (i.e., significantly larger than PM, ) that
are emitted from the Mirant’s stacks or arise from its coal and flyash handling
operations contribute to the levels of such particulates that are found near the
plant or elsewhere in Alexandria.

. The most effective means of reducing the amount of coarse particulates that leave
the Mirant plant site and settle in the nearby neighborhood or elsewhere in
Alexandria.

. The pros and cons to Alexandria of adding new control equipment to the Mirant

plant to further reduce its NOx emissions vs. adding new equipment or taking
other steps to further reduce NOx emissions at one or more other NOx-producing
facilities in the region. (This is intended to address the “trading” issue -- i.e.,
considering air quality, the risks associated with NOx control technology and
other factors, whether Alexandria would be better served by NOx reductions at
the Mirant plant or at one or more plants in the region.)

In addition to moving forward with this analytical work, we have prepared a letter from the
Mayor to VDEQ (Attachment 10) expressing the City’s interest in the particulate emissions
coming from the Mirant plant and related nuisance and health impacts. The letter also notifies
VDEQ of the City’s desire to participate in discussions related to Mirant’s NOx compliance
issues and to the issuance of a new Title V air permit for the Mirant plant, and asks that no
decisions be reached on any of these matters without City participation.

Also, City staff will continue to monitor VDEQ’s enforcement action against Mirant for its
exceedance of the NOx emissions cap during 2003 ozone season. Staff will continue its ongoing
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discussions with VDEQ concerning air quality monitoring near the Mirant plant. We also will
continue to monitor regional, state and federal issues and legislation that may directly or
indirectly impact the Mirant Plant and its operations.

City staff currently inspect the Mirant plant at least twice every year. More frequent visits are
made in response to noise or air pollution complaints. Staff will now increase the frequency of
inspections to quarterly inspections, in order to better ensure that particulate control measures at
the plant are in place and functional. Staff will also evaluate how existing measures can be
improved and initiate discussions with Mirant on the installation of additional controls.

Finally, we will keep you informed on the work performed by Dr. Levy, who will be working
with staff and the authors of the Report.

Attachment 1: Mirant Power Plant Emissions and Health Effects Report prepared by Elizabeth
Chimento and Poul Hertel

Attachment 2: VDEQ Memorandum dated August 12,2003

Attachment 3: Particle Size Chart

Attachment 4:  PM,, data for Northern Virginia

Attachment 5: Air Monitoring Stations and Power Plant Locations

Attachment 6: PM, s data for Northern Virginia

Attachment 7: NOV issued by VDEQ dated September 10, 2003

Attachment 8: Letter from Mirant to VDEQ dated September 19, 2003 disputing the NOV.

Attachment 9: Glossary of Terms

Attachment 10: Letter from Mayor to VDEQ

cc: Richard Baier, P.E., Director, Transportation & Environmental Services
Charles Konigsberg, M.D., Director, Alexandria Health Department
Michele Evans, Assistant City Manager
Bernard Caton, Legislative Director
William Skrabak, Chief, Div. Environmental Quality, T&ES
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ATTACHMENT 2

COMMONWEALTH OF VIRGINIA
DEPARTMENT OF ENVIRONMENTAL QUALITY

MEMORANDUM
TO: Jeff Stcers, Regional Director, NVRO

THROUGH: John Bowden, Deputy Regional Director. NVRO %

FROM:" Kelly Lease, Air Compliance Inspector. NVRO y:
Charles D. Forbes, Air Compliance Manager, NVRQY =
SUBJECT: Summary of Investigation into Dust Complaints on Pitt Streel, Alexandria, in the Vicinity

of Mirant’s Potomac River Generatiny Station. ‘

DATE: August 12, 2003

The purpose of this memo is to summarize NVRO's investigations into the subject matter. The casz is
¢losed.

Backyround

On April 22. 2003. the Northern Virginia Regional Office Air Compliance Unit (NVRO) collected dust
samplcs in response to citizen complaints/concerns regarding potential particulate emissions from Mirant's
Potamag River Generating Station (Mirant). This facility is u coal-fired power plant near Pitt Street. Dust
samplcs were collected at restdences at 1200 and 1202 Pin Street (approximately one-quarter mile from
Mirant). A microscapist from DEQ’s Officc of Air Quality Assessment (OAQ). Ms. Carolyn Stevens.
anulyzed the samples using a polarizing light microscope at 150 times magnification and cstimared that
uncombusted coal dust constituted up to 50 percent of each sample. Significant quantities ot coal fly ash
werce 3lso nbserved in the samples. )

A letter summarizing these preliminary findings was scnt to Mirant. and o meeting requested to discuss the
details. In response. Mirant requested a portion of the NVRO sumples. These werc delivered to Mirant on
June 25. 2005, According to Mirant. the samples werc transported 1o the Mirant Service Center in
Forestville. Maryland, where they were exumined using a Scanning Electron Microscope (SEM). Mirant
also reports that. an June 27, 2003. it cxamined conl sumples taken from coal stocks and fly ash samples
collceted from the pollution control equipment at the plant. No NVRO represcntatives were present during
this examination. A meeting was held at the SEM location on June 30. 2003, Attendecs at the mesting
included Kelly Lease (NVRO) and Ken Whitlock. City of Alcxandria Division of Environmental Qualiy.
Mirant attendees consisted of the following:

Debra Knight. Environmental Courdinator - Potomac River Generating Station

Narayanan lyver. Supervisor Chemistry - Potomac River Generating Station

Michuel Stumpf, General Superintendent - Plant Operations - Potomac River Generating Station
Mr. Neal Titer. Metallurgy Laboratory Engineer

1
Summarwof June 27-30 Analvses and Discussions
o

Mirant presented a significant quantity of photographs and SEM spectra. allegedly produced during the
Junc 27 analysis. tisimpossible to determine if the source being analyzed wus the NVRO samples.
Morcover. it is gencrally difticult to distinguish unknown and reference sample origins based on apparent
particle sizc or acher gross physical characteristics. NVRO is still unclear as to how the reference coal
samples were laken or how they were handled prior ta analysis.
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MEMORANDUM

August 12.2003.

Page Two

To summarize Mirant's assertions regarding its microscopy. particles originating from Mirant do not
resemble those found in the NVRO samples. Similarly. panticles from Mirant do not exhibit the analyvtical
spectra provided for NVRO samples. Mirant vigarously asserts that none of the parricles in NVRO
samples are coal or fly ash from its plant. However. Mirant was unable 10 replicate the Junc 27" SEM
analysis during the June 30" meeting. Mureover. as the analysis progressed. Mr. Titer began experiencing
technical difficulties with the SEM and Mirant was unable to demanstrate the repeatability of Mirant’s
rclcrence cnal spectra. Citing that the electron filament of the SEM was likely at the end of its usetul lifec.
further emumination of particles was ceased..

Mr. Stumpl stated that he considered Mirant's analyses ucross two davs 10 be conclusive proof that the Pitt
Street samples do not contain materials from the Mirant facility. Furthermore. Mr. Stumpf stated tha
Mitant will not change 1ts coal handling procedures without conclusive and defensible evidence that cnal
dust in the surruunding environment originates from its facility. As further evidence that NVROs sumples
cunnot ariginate from the Mirant facility. Ms. Knight presented wind data collected at the facility fram
1994 through early 1998. These data show that prevailing winds at the plant originate from the northwest
and south-southwest (aitached). The Pite Screet residences arc generally south-southwest of the plant (i.c..
upstream ot prevailing winds).

Follow Up Investigations by DEQ

OAQ has re-examined the NVRO samples and stands by its original conclusion that the Pitt Street samples
1nclude 3 signilicant amount of coal dust. As the analyst of recurd is not trained in SEM techniques. she
cannot account fur the apparent difference between the results. .

On August 8.2003. NVRO's Deputy Regional Director und the Air Compliance Manazer visited the
eencral ared adjucent to the Mirant facility and walked a 34 block area immediately sucrounding the
plantuistarting from Piu Street). The weather was warm and dry. with lizht winds from the northeast.

Hurizontal surfaces on plants. houses. lamp posts. utility boxes. and other structures were examined 0 look
for signs of excessive dust. While some dust was found. the level did not appear 1o exceed that tvpically
cncauntered in this type of high-density urban setting. Coincidentally. a coal train was being unloaded a
facility during the visit. No visible emissions were being generated by this aperation. nor was any other
part ol the Taciliy (including coal piles). Close inspection of horizontal surfuces at the residences closest to
this uperation indicate a level of dust Jevels similar 1o that observed on Pitt Street. i.c.. insiznificant
amonts

Conclusion B

The practical choices for resolving this matter seem (o center on cither accepung the validity of Muands
SEM anal.'\'sis (and concluding that it is not the source of coal and Ny ash). or underiaking 2 more rigorous
course of.xdmpling at the Pint Street location. Mirant has indicated that it will vigarously contest any
allegaiond'pt it violating the pertinent dust contrat regulations in the absence of the most rigorous
analytical regrme.  Given the field observations made by DEQ personnel un August 8%, combined with
Mirant’s presentation. there scems little cvidence that the plant is emitting dust in violation of the relevan
regulations. NVRO thercfore concludes that the compluint does not warrant further action at this time.

. Alice G. Nelson. CO
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September 10, 2003

Ms. Debra Knight
Environmental Coordinator
Mirant Potomac River, LLC
1400 North Royal Street
Alexandria, VA 22314

NOTICE OF VIOLATION

RE: NOV

Mirant Potomac River, LLC
DEQ Reg.#: 70228

Dear Ms. Knight:

This letter notifies you of information upon which the Department of Environmental
Quality (the Department) may rely to institute an administrative or judicial enforcement action.
It is neither a case decision under the Virginia Administrative Process Act, Code § 9-6.14:1 et
seq., nor an adjudication. The Department requires that you respond to this letter within 10 days.

FACTS AND LEGAL REQUIREMENTS

1. Section 110 (a)(1) of the Federal Clean Air Act (CAA) requires that
the Commonwealth of Virginia maintaina State Implementation Plan
(SIP), approved by the U.S. Environmental Protection Agency (EPA),
to provide for the attainment and enforcement of National Ambient
Air Quality Standards (NAAQS).

2. The Potomac River Generating Station is located in Alexandria, VA,
| which has been designated by EPA as a severe 0zone nonattainment
area under the CAA. Alexandria's air quality, as well as that for the
entire Northern Virginia, Washington, D.C., and suburban Maryland
region, does not meet the NAAQS for ozone.

3. Consistent with the Virginia SIP, in accordance with 9 VAC 5-80-800
C.2.b, and as mandated by Section 110 (a)(2)(D)(1) of the CAA, the

ATTACHMENT 7




Mirant Potomac River, LLC
DEQ Reg.#:70228

Notice of Violation

Page 2 of 3

Department issued a Virg{ﬁia Stationary Source Permit to Operate to
the Potomac River Generating Station on September 18, 2000 (the
Permit) that limited facility-wide emissions of oxides of nitrogen
(NOx) in order to help ensure that emissions from the station do not
contribute significantly to exceedances of the NAAQS for ozone in
the Northern Virginia, Washington, D.C., suburban Maryland severe
ozone nonattainment area. The Permit was approved by EPA and has

been incorporated into the Virginia SIP. 65 Fed. Reg. 78,1000
(December 14, 2000).

4. Condition 3 of the Permit limits the Potomac River Generating
Station to emitting no more than 1,019 tons of NOx (measured as

NO,) each year during the ozone season period of May 1 through
September 30.

5. Condition 4 of the Permit requires the Potomac River Generating
Station to comply with the NOx emissions limit contained in
Condition 3 commencing in calendar year 2003.

6. On June 4, 2003, the Department requested from Mirant NOx
emissions data for the Potomac River Generating Station for the
purpose of assessing the station’s compliance with the terms and
conditions of the Permit, in particular Condition 3.

7. On August 26, 2003, Mirant's counsel informed DEQ by electronic
mail that NOx emissions from the Potomac River Generating Station
for the period of May 1, 2003, through July 31,2003 were 1,174 tons.

This total exceeds the emissions limit contained in Condition 3 ofthe
Permit.

8. Upon information and belief, the Potomac River Generating Station
has continued to emit additional, significant quantities of NOx during
August and September 2003, thereby further exceeding the emissions
limit contained in Condition 3 of the Permit.

ENFORCEMENT AUTHORITY

Code § 10.1-1316 of the Air Pollution Control Law provides for an injunction for any
violation of the Law, the Air Board regulations, an order, or permit condition. The same statute
provides for a civil penalty up to $25,000 per day of violation of the Law, regulation, order, or permit
condition. Code § 10.1-1307 authorizes the Board to issue orders, and Code § 10.1-1309 authorizes
the Board to issue special orders to address such violations. In addition, Code § 10.1-1186
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authorizes the Director of DEQ to issue special orders to any person to comply with the Air Law and
regulations, and to impose a civil penalty of not more than § 10,000.

The Court has the inherent authority to enforce its injunction, and is authorized to award the
Commonwealth its attorneys' fees and costs.

FUTURE ACTIONS

The staff must make a recommendation about how to proceed with this matter and whether to
initiate an enforcement action based upon these facts. Before taking any further action, however, we
would like to discuss this matter with you.

Your point of contact is Kelly Lease at (703) 583-3937. Please contactme within ten days of
the date of this letter if you dispute any of the facts I have stated or if there is other information you
believe the DEQ should consider. At the same time, please inform me of any corrective action you
have instituted or plan to institute and the schedule for doing so.

A meeting to discuss resolution of this matter will be arranged when you talk with me.
During this meeting, all aspects of the situation will be discussed. You may be asked to enter into a
Consent Order with the Department to formalize your plan and schedule of corrective action and to
settle any outstanding issues regarding this matter, including the payment of civil charges.

Sincerely,

Kelly E. Lease
Environmental Inspector Senior

Cc:  Compliance File
Charles Forbes, ACM-NVRO
John Bowden, DRD-NVRO
Michael G. Dowd, DOE-CO




ATT ACHMENT 8

Mirant Mid-Atlantic, LLC ‘ -
901 F Street NW, Suite 800, Washington, D.C, 20004
T 202-585-3800 F 202-585-3704

September 19, 2003

Ms. Kelly E. Lease -
Commonwealth of Virginia

Department of Environmental Quality
Northern Virginia Regional Office

13901 Crown Court

Woodbridge, VA 22193-1453

Dear Ms. Lease: MIRANT
I am writing on behalf of Mirant Potomac River, LLC (“Mirant”) in response to the
Notice of Violation issued by the Department of Environmental Quality (“the Department” or
“DEQ”) on September 10, 2003 alleging violations of Conditions 3 and 4 of Mirant’s Virginia
Stationary Source Permit to Operate the Potomac River Generating station (“Operating Permit”).
In broad overview, Mirant contends: 1) that the Conditions of the Operating Permit it is alleged
to have violated are void and unenforceable for the 2003 ozone season; and 2) that in issuing the
NOV, the Department has reversed the position taken in on-going negotiations with Mirant, upon
which Mirant relied throughout the Summer to its detriment. As a result, DEQ jeopardizes

significant environmental improvements Mirant has offered to make and other benefits to the
community. )

Background

When the Department proposed issuing the Potomac River Operating Permit on April 24,
2000, it published a “Statement of Basis” that articulated the reasons for permit issuance. As the
Statement demonstrates, the Department was utilizing this permit to accomplish compliance with
Virginia’s Clean Air Act (“CAA”) obligations to respond to EPA’s call for a State
Implementation Plan (“SIP call”), to address the Washington area’s nonattainment with the
ozone standard and to comply with obligations imposed as a result of Northern Virginia being

subject to EPA’s companion rulemaking promulgated pursuant to CAA § 126. (Statement of
Basis at 1-2, attached as Ex. A). -

Consistent with the requirements of the SIP Call and CAA § 126 rulemaking, the
Operating Permit provided for “cap” and “trade” compliance. Recognizing the success that the
Northeast States (including Maryland) have had with their regional “cap and trade” program',
EPA adopted the cap and trade approach in both its SIP Call and § 126 programs. The cap and

Ve,e o

Virginia elected not to sign the Memorandum Of Understanding for the Northeast Ozone Transport
Region and thus did not promulgate regulations pursuant to that agreement. Ozone Transport
Commission Memorandum of Understanding 94?1 . However, Virginia is exgrcssly included in both the
expanded region subject to the SIP Call rule and CAA § 126 rule issued by EPA.




trade approach allows a company to clect either to reduce emissions to @ cap level utilizing add-
on pollution control technology or to acquire “allowances” from other facilities through trading
to cover emissions that exceed the cap. This cap and trade option allows companies the
flexibility to install the most advanced and expensive controls on selected plants to achieve the
greatest reduction of NOx emissions and to obtain allowances through trading for those plants
that will exceed the emission cap.. Under a cap and trade program, while some plants will emit
above the 0.15 1o/MM Btu emission Tate target (acquiring allowances for the excess), others will
emit below that level and generate allowances to trade. In this way, the affected sources average
the targeted emission rate on a regional basis, which is the objective of the program.

When Virginia issued the Potomac River Operating Permit, it esta.blished the “cap” in
Conditions 3 and 4 of the permit by applying the SIP CalVCAA § 126 regional NOx emissions
rate goal of 0.15 Ib/MM Btu to the Potomac River units, which calculated as 1019 tons of NOx

per ozone season. The permit established the “trade” feature of the cap and trade program in
Condition 7, which reads:

As an altemative to compliance with Condition 3, the permittee may comply with
40 CFR Part 97 or a regulation of the Board approved by EPA as meeting the
requirements of 40 CFR Part 96. This condition may be implemented for the
units covered by either of the cited regulations once they become effective. The
DEQ reserves the right to amend this permit as may be necessary should it
determine that the use of this alternative compliance measure will prevent the
attainment or maintenance of the air quality standards in the Washington, DC
Ozone Nonattainment area.

There can be no doubt that Condition 7, quoted above, was meant to provide the plant
with flexibility on how to comply. As DEQ wrote in the Statement of Basis with respect to this
feature of the Operating Permit:

PEPCO (succeeded by Mirant] may control its NOx emissions by any means it
chooses, so long as emissions of other pollutants are not significantly increased.
The reductions necessary to stay within the emissions cap for the Potomac River
G.S. may even be taken at other facilities and credited to the Potomac River G.S.
if they are reductions that would benefit the air quality within the Washington,
DC nonattainment area and are not otherwise required. As of this writing, an
SAPCB rule is under development that will authorize trading of allowed NOx
emissions (“allowances”) to meet federally-imposed emissions budgets such as in
the Section 126 Petition Rule. That rule may be utilized by PEPCO to comply
with this permit, but only to the extent that it benefits the Washington, DC area.
This flexibility allows PEPCO to contribute to improvement of the DC area air
quality by the most cost-effective means with the least disruption of services.

(Statement of Basis at 3).




At the time this permit was issued on September 18, 2000 the regulations at 40 CFR Part
97 provided for a cap and trade program that established allowance trading beginning in 2003. It
was known at the time that the Potomac River plant would be subject to the federally-mandated
“cap and trade” program by way of regulation anyway and so there was no reason to object to
inclusion of these provisions in the Operating Permit. Similarly, when Mirant acquired the
Potomac River plant from PEPCO in December, 2000, allowance trading in 2003 was provided
under 40 CFR Part 97 and thus available t6 Mirant for Potomac River by virtue of Condition 7 of
the permit quoted above.

Mirant’s generating asset acquisition from PEPCO included all of the Washington area
plants, the largest of which are located in Maryland. Mirant developed a broad strategy for
compliance with the requirements of the impending regional SIP Call under which Potomac
River would obtain allowances for emissions above the cap and the largest initial emission
reductions would occur at Mirant’s Maryland plants—all of which are in the Washington ozone
non-attainment area. This strategy complied fully with the cap and trade program that was
anticipated to begin in 2003.

On Aprit 30, 2002—a little over one year ago—as 2 result of litigation delays associated
with the SIP Call and CAA § 126 rulemakings, EPA changed the cap and trade program in 40
CFR Part 97 to provide for a commencement date of May 31, 2004. 67 FR 21522, 21524 (April
30, 2002). The implementing regulations promulgated by Virginia similarly provided for a
commencement date of 2004 for the Virginia cap and trade program. 9 VAC 5-140-60C(3).
While the 2004 commencement date benefited utilities in the states subject to the SIP Call
(including VA), this change left Mirant with a “cap” obligation under Conditions 3 and 4 of its
Operating Permit that commenced in 2003, but no “trade” opportunity because Condition 7 of
the Operating Permit cross-referenced federal and state regulations that delayed the cap and trade
program until 2004. Neither the federal mandate nor Mirant’s Operating Permit (as evidenced
by the Statement of Basis) ever contemplated imposition of a ‘“cap” without a trading
opportunity.

Conditions 3 and 4 of the Permit Are Void and Unenforceable for the 2003 Ozone Season

The practical effect of the elimination of the trading opportunity under the permit was to
place Mirant Potomac River in an untenable position where it was not realistically possible to
comply with the 2003 permit “cap.” April 30, 2002—when the trading opportunity was
eliminated by operation of law—was too late for Mirant to comply in the Summer of 2003 by
any means. Absent a trading opportunity, Mirant Potomac River would have had to reduce
electricity generation during the Summer, 2003 by 60% to comply with this cap, without a
trading opportunity. Obviously a permit provision that amounted to reducing power production
by more than half during the peak demand season of the year would have been appealed by the
permittee. In this case, however, the permit was modified by operation of law which left Mirant
with no opportunity to appeal. The Virginia law guarantees a permittee the right to appeal
unacceptable permit conditions. 9 VAC § 5-170-160 (2003). The draconian modification of this
permit without opportunity to appeal the change is a violation both of Virginia law and due
process. 9 VAC § 5-80-1000, Tennessee Valley Auth. v. Whitman, 336 F.3d 1236 (11thCir.




2003) The bringing of an enforcement proceeding based on this draconian permit modification
would just add insult to injury. : )

To reach the extremely low NOx emission levels prescribed by this permit cap without
reducing electricity generation by 60% would have required the use of Selective Catalytic
Reduction (“SCR”) technology on many if not all of the five Potomac River units. Only SCR
technology has pollutant removal efficiencies that would accomplish this level of reduction at the
Potomac River units. Even with adequate time, Mirant could not comply in this way. SCR is
not a feasible alternative at this site because of the physical space limitations. Moreover, SCR
would cost approximately $100 million and would not yield NOx emission reductions as
favorable as retrofitting on other Washington area plants with SCR technology. Thus, SCR at
Potomac River is neither feasible nor prudent. Even if it were feasible, SCR retrofitting at a fifty
year old coal plant such as Mirant Potomac River is hugely complex, requiring a minimum of
two years for the engineering, development of specifications, custom parts ordering and
installation during a Spring or Fall outage period. As EPA wrote in relation to the SIP Call,
“lead time for installation of controls on complicated SCR retrofits at facilities with up to six
boilers ranges from 21 to 34 months.” 63 FR 57448 (October 27, 1998). Consequently, the
modification in 2002 of Mirant Potomac River’s Operating Permit to eliminate the “trading”
option made it practically impossible for Mirant to comply with these conditions of the

Operating Permit in 2003 by any means and deprived Mirant of any opportunity to appeal.

- In an analogous situation in Maryland, the state court invalidated Maryland’s first cap
and trade regulation because the Maryland Department of the Environment had required BGE to
comply within one year of promulgation or face enforcement. The trial judge invalidated those
regulations from the bench, stating: :

But I do want them to take serious consideration of the fact that it’s physically
impossible for these utilities to comply by May 1%, 1999 and that to impose
penalties automatically for failure to comply, to me seems grossly unfair and
wrong to comply by that date.

(Order and Excerpt of bench ruling, attached as Ex. B.)

DEQ cannot modify Mirant’s Operating Permit (even by operation of law) in the
draconian manner that it has without giving Mirant an opportunity to appeal. Likewise, it cannot
sustain a civil enforcement proceeding for violation of 2 permit requirement with which Mirant
could not realistically comply as a result of the elimination of the trading opportunity. An effort
to do so would be a violation of Virginia law and administrative due process. United States V.

Hoechst Celanese Corp., 128 F.3d 216, 224 (4™ Cir. 1997), Cf. Tennessee Valley Auth., supra.

DEOQ Has Precipitously Reversed Its Position and Jeopardized Major Environmental Benefits
Offered by Mirant

When Mirant became aware of the delay in its trading opportunity, it entered into
discussions with DEQ regarding an alternative approach to compliance. Mirant was reassured by




DEQ that the disparity between the 2003 “cap” requirement and 2004 “trading” opportunity
could be addressed either in the context of Mirant’s superseding Title V operating permit or as a
separate agreement with DEQ. In the course of those discussions, DEQ offered Mirant a higher
“cap” to cover its emissions at the Potomac River plant in the Summer, 2003. As of July 1,
2003, DEQ offered an cap of 1807 tons and, most recently, in exchange for further reductions to
which Mirant was willing to commit at its Maryland plants, DEQ agreed to a cap of 2336 tons at
Potomac River for the Summer, 2003 ozone season. The 2336 cap represented a 10% reduction
in emissions from the prior year. Mirant has honored these discussions and been careful to
maintain its operations so as to comply with the 2336 cap that had been agreed to in principle by
DEQ. In fact, at Mirant’s current pace, it projects that the ozone season NOx emissions at this
plant will be in the 2100 ton range, representing almost a 20% reduction from the prior year.

To justify the 2336 ton cap at Potomac River, Mirant had offered further reductions of the
NOx emissions from the Maryland plants during the 2003 ozone season. Mirant offered
reductions of approximately 20%, but in fact will have achieved NOx emission reductions in the
35% range during the 2003 ozone season at those plants.

Perhaps most significantly, as a result of the issuance of this NOV near the end of the
2003 ozone season in which DEQ has totally reversed its position, other significant local
environmental improvements offered by Mirant are in jeopardy. Specifically, Mirant had offered
to install Separated Over-fired Air (SOFA) pollution controls, the first of which would
commence operation in 2004. In the context of a larger settlement, Mirant had offered to follow-
up with installation of SOFA at two additional Potomac River units. In addition, Mirant had
offered to fund a significant environmental initiative in the DC Ozone Nonattainment area.
These considerable environmental benefits to the community are not legally required and are at
risk as a result of DEQ’s action.

For all of the above reasons, Mirant Potomac River asserts that it has not violated its
permit. Although it would prefer not to have to do so, Mirant is prepared to defend this position
in an enforcement proceeding if necessary. Nevertheless, Mirant requests the opportunity to
meet with DEQ to discuss these issues and is prepared to honor the offers it made and continue
its on-going discussions with DEQ with a view toward resolving outstanding issues.

Sincerely,

Wesley L. McNealy\dc’A\

Director of Environmental, Safety and Health

CC: Michael G. Dowd - VADEQ
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COMMONWEALTH OF VIRGINIA :
DEPARTMENT OF ENVIRONMENTAL QUALITY

STATEMENT OF BASIS

Of the
State Operating Permit for the
Potomac Electric Power Company (PEPCO)
Potomac River Generating Station

To Implement the NO, Emission Reductions of the Proposed
State Implementation Plan (SIP) Revislon,
Phase Il Attainment Plan for the
Washington DC-MD-VA Ozorw Nonattalnment Area

By John R. McKie, PE
~ April 24, 2000

Background

Section 110 of the Clean Alr Act requires each state to submit a state
implementation plan (SIP) for bringing all areas into “attainment” of the National
Amblent Alr Quality Standards (NAAQS) and for maintaining attainment of the NAAQS
once attainment has been achleved. Due to the common fallure of many areas,
including the Washington, DC metropolitan area and the Northern Virginia portion
thereof, to attaln the one-hour NAAQS for ozon?, the Clean Air Act Amendments
(CAAA) of 1930 imposed speclfic measures and schedules to attain the standard on the
ozone "nonattainment” areas. These measures and schedules vary, depending on the
severity of the nonattainment status. On the basis of monitored ambient concentrations,
the CAAA defined the Washington, DC area as being a “serious™ nonattainment area.
Section 181 of the Clean Air Act set the attainment date for a serlous nonattainment
area as November 15, 1989.

Monitoring data has not demonstrated that the Washington, DC area has
achieved attalnment. However, alr quality modeling performed on behalf of the
jurisdictions composing that area has indicated that with the measures proposed for
inclusion Into the relevant SIP’s the area would be in attalnment if it were not for the
transport of ozone and its precursor pollutants from outside the Washington, DC area.
The U.S. Environmental Protaction Agency (EPA) Is taking action to control long-range
transport of ozone and lts precursors by 2003. It takes three consecutive years of
monltoring data to demonstrate compliance. Therefore, with the proposed measurses in
the SIP’s and the EPA action agalnst long-range transport, the Washington, DC area
ghould be able to demonstrate compliance by 2005. One of these measures, which
EPA (Region-lil office) has already indicated that it would accept as adequate, Is the
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limiting of nitrogen oxides (NOx) emissions from the area electric utility plants t0 0.15
pounds per million Btu's of heat (fuel) input to the boilers. This permit has been created
as a vehicle for implementing this measure at the Potomac Electric Power Company’s
(PEPCO) Potomac River Generating Station in Alexandria, Virginia.

The Potomac River G.S. conslsts of five coal-fired bollers; two rated at a heat
input of 970.1 million Btu's per hour, the other three at £80.7 million Btu's per hour. NOy
emissions from these units are currently limited by an “Acid Rain” (Clean Air Act Title v)
permit to an annual average of 0.45 pounds per million Btu's of heat input. The NOx
emissions as a whole for the PEPCO system are limited by a consent agreement
'Implementing Reasonably Avallable Control Technology (RACT) for the Potomac River
G.S. Most of the units in the system, all of which are in the Washington, DC ozone
nonattalnment area, have assigned NOx RACT emisslon rate limlts on which the total
systemn limit [s based. Taking Into consideration the dally heat Inputs of each unit, the
total daily emisslons from the system cannot exceed those that would result if each unit
were meeting Its assigned RACT emission rate limit, yst Individually, units are not
required to meet thelr assigned RACT limits. The assigned limit for each of the
Potomac River G.S. units Is 0.38 pounds per mlllion Btu's. This limit Is the same as the
general RACT limit found in State Alr Pollution Contro! Board (SAPCB) regulation 9
VAC 5-0-311 for dry bottom, coakfired (tangential or face-flred) bollers.

!mglemen‘tatlon

The instrument that the Virginla Department of Environmental Quality (DEQ) has
chosen to enforce this proposed measure Is a state operating permit. SAPCB
regulation 9 VAC 5-80-800 C.2.b. allows the use of such a permit to “establish a source-
specific emisslon standard or other requirements necessary to implement the federal
Clean Air Act or the Virginla Alr Pollution Control Law.” A permit issued for this reason
requires no application. This state operating pemit contains no provisions other than
those relevant to the ozone attalnment plan. Eventually, the conditions of the state
operating permit will be rolled into the federal operating (‘Title V°) permit for the facility.

Issuance of a state operating permit can occur without public particlpation;
however, a revislon of the SIP cannot. This permit Is being {ssued as an
implementation tool of a SIP revislon, In this case, the Washington, DC area ozone
attainment plan, therefore, this permit (in draft form) is belng subjected to public .
comment. Following consldsration by DEQ of the comments received, the draft permit
will be revised If warranted and issued. The permit and supporting documentation will
be forwarded to EPA for fnal approval as satisfactory to implement the attainment plan
SIP revision. PEPCO or any future owner of the facllity will have to begin meeting the
requirements of the permit by May 2003.

Saction 126 of the Clean Alr Act allows states to petition the EPA to take action
against sources of NOxoutside their borders if those sources prevent the petitioning
states from achleving or malntalning compliance with the ozone standard. In response
to four such petitions, EPA In December, 1999, issued a rule which set limits, also




Statement of Basis
Page 3

known as “caps,” on the amount of NOx that many Southem and Midwestern power
plants, including PEPCO's Potomac River G.S. may emit during the high-ozone season
(May 1 through September 30). These caps were set for each individual boller unit and
based on operation occurring at emisslon rates of 0.15 pounds per million Btu of heat
input. Therefore, by setting a caps on NOx emissions that satisfy the Section 126
Petition Rule, a permit can satisfy the requirements of the attainment plan as well as the
Section 126 Petition Rule. The requirements of the “126” rule are actually a little more
stringent, because the attalnment plan emissions limits are based on total facilities and
not the individual units the facilitles comprise. PEPCO has stated its desire to have a
permit limit that demonstrates compliance with both sets of requirements. As of this
writing, the Section 126 Petition Rule is in litigation; therefore, at this time it Is not
appropriate to Issue a permit that includes enforceable requirements of that rule.
However, the NOx limit in this permit is the same as the total of the Individual unit limits

in the Section 126 Petition Rule, 8o If and whe=x the 126" rule Is enforced as written,
there will be no conflict.

PEPCO may control its NOx emissions by any means it chooses, so long as
emissions of other pollutants are not significantly increased. The reductions necessary
to stay within the emigsions cap for the Potomac River G.S. may even be taken at other
facilities and credited to the Potomac River G.S. if they are reductions that would benefit
the air quality within the Washington, DC nonaitiinment area and are not otherwise
required. As of this writing, an SAPCB rule Is under development that will authorize
trading of allowed NOx emlssions (“allowances”) to meet federally-imposed emissions
budgets such as In the Sectlon 126 Petition Rule. That rule may be utilized by PEPCO
to comply with this permit, but only to the extent that If benefits the Washington, DC
area. This flexibllity allows PEPCO to contribute to Improvement of the DC area air
quality by the most cost-sffective means with tha least disruptlon of services.

Permit Contonts

Condition
Number

1. States the purpose and authority for issulng the permit. The Clean Alr Act
citation glven Is the basls for EPA requiring that Virginia submit an ozone
attainment plan. The state regulation ctted authorizes the SAPCB to issue a
state operating permit to establish a source-specific emisslon standard or other
requirements necessary to Implement the federal Clean Air Act.

2. Specifies the emitting units to which the permit conditions apply. In this case, the
units are all of the bollers supplying steam for electric power generation.

3. Sets the NOx emisslon limit for the facility and the period during which it applles.
The limlt Is a cap on the total emissions, determined by summing the Section 126
Petition Rule individual unit limits, which were based on an emisslon rate of 0.15
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pounds per milllon Btu of heat Input. The limit, therefore, gatisfies the
Washington, DC area ozone attainment plan requirement for the facliity to mest
0.15 pounds per million Btu of heat Input. The limRt Is only In effect during the
ozone season. s

States compllance will be determined by continuous emissions monitoring and
the due date by which the demonstration must begin. The date, year 2003, Is the
beglnning of the three-yaar compliance demonstration period for year 2005 as
specified in the Washington, DC area ozone attainment plan. PEPCO already
has continuous emisslons monitors (CEM's) for purposes of determining
compliance with acid rain and reasonably availabls control technology (RACT)
provisions of the Clean Air Act.

Covers monitoring, record keeping, and reporting requirements. Details of these
are to be set by DEQ within 60 days following Issuancs of the permit, which Is
expected to be well before compliance with the emissions limit will begin. ltis
deslrable not to set detalls of the compliance verification in this permit, so that
DEQ may minimize the administrative burden and time requirements of
subsequently improving the compliance methodology, if desired. PEPCO will
have the opportunity to provide input to DEQ regarding setting the requirements.

Specifiss duration of records retention. The state operating permit rule allows
DEQ to require retention for three or more years. Because the Title V rule, to
which thls facllity Is subject, requires at least five years of retention, this permit
also requires five years.

Allows emisslons trading as a means of demonstrating compliance. This is
discussed In the last paragraph of the preceding section. It should be noted that
while the condition grants PEPCO the right to use emissions trading, such
trading must be deemed by DEQ as conslstent with the ozone attainment plan
purpase, namely iImprovement of air quality in the Washington, DC
nonattainment area.

Requlres that PEPCO notify any new owner of the facllity about this permit and
send a copy of the notice to DEQ. DEQ would then make the necessary
administrative amendments to the permlt to show that It Is transferred to the new
ownaer.

States that a copy of the permit must remaln on the premises. Besides belnga
regulatory requirement, it serves as a reminder to the facllity staff of its
obligations under the attalnment plan as well as assuring the availability of
inspection of the parmit by DEQ personnel and others.
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BALTIMORE GAS AND ELECTRIC
COMPANY, et al.

Plaintiffs,
Y.

MARYLAND DEPARTMENT OF THE
ENVIRONMENT, et al.,

Defendants.
V4

* *

IN THE

CIRCUIT COURT
FOR

ﬁALTIMORE CITY
Consolidated Case

Nos. 98170117-CC5318 and
98225118-CC7049

* * *

ORDER

Upon consideration of the Motions for Summary Judgment filed by plaintiffs, Baltimore Gas

and Electric Company and Potomac Electric Power Company. the responses thereto, the Motion for

Judgmcnt filed by defendants. Jane T. Nishida and the Maryland Department of the Environment,

and following oral argument. it is this ) ¥/Hay of February: 1299.

ORDERED, pursuant to § 10-125(d) of the State Government Article of the Maryland Code

that Code of Maryland Regulation 26.11.27.04A, imposing a compliance deadline of May 1, 1999,

is declared invalid and Regulations 26.11.27 and .28 arc hereby remanded to the Maryland

Department of the Environment.

cc: Counsel of Record
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CIRCUIT COURT FOR BALTIMORE CITY

BALTIMORE GAS AND ELECTRIC
- COMPANY AND POTOMAC
ELECTRIC POWER COMPANY,

)
)
)
E )
Plaintiffs, )
V. ) Case Nos. 98225118/CC7049
) 98170117/CC5328
JANE -‘T. NISHIDA, SECRETARY )
OF THE ENVIRONMENT, AND THE )
MARYLAND DEPARTMENT OF THE )
ENVIRONMENT, )
)
)
)

Defendants.

REPORTER'S OFFICIAL TRANSCRIPT OF PROCEEDINGS
(Motions Hearing)

Tuesday, February 9, 1999

BEFORE:

THE HONORABLE JOSEPH H. H. KAPLAN, CHIEP JUDGE

APPEARANCES:

For the plaintiff BGE:
DEBORAH JENNINGS, ESQ.

For the plaintiff PEBPCO:
WILLIAM BROWNELL, ES&Q.

For the defendants:
KATHY KINSEY, EB8Q.
VICKIE LYNN GAUL, ES8Q.

Recorded on videotape

TRANSCRIBED BY:

Charles F. Madden
Official Court Reporter
507 Courthouse West

100 North Calvert 8Strest
Baltimore, Maryland 21202
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that is what the Judge intends to do, the Court.intends
to do, that it simply remand the rule back to the
agency:

MR. BROWNELL: Your Honor, if the rule is
remanded to the agency, we believe it's important that
Your Honor also instruct the agency to take this
compliance deadline issue seriously.

Ke have provided ways to work with the

compliance deadline issue, and I believe we would be

willing to work with ghe agency to try and work this
issue out on the rem&nd.

MS. JENNINGS8: And BGE would, as well, Your
Honor. He would prefer a remand and to try to work it
out.

THE COURT: Now, since both siaes would
prefer a remand, rather than my tampering with the
rule, the regulation as it presently exists, I will do,
just that. I will remand it to the Commission.

But I do want them to take serious
consideration of the fact that it';,physically
impossible for these utilities to comply by May 1st,
1999 and that to impose penalties automatically for
failure to comply, to me, seems grossly unfair and
wrong to comply by that date.

8o that they ought to get another date that
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ATTACHMENT 9

GLOSSARY OF AIR POLLUTION TERMS

(Definitions adapted from Georgia Department of Environmental Protection Web Site)

Attainment area -- A geographic area in which levels of a criteria air pollutant meet the health-
based primary standard (national ambient air quality standard, or NAAQS) for the pollutant. An
area may have on acceptable level for one criteria air pollutant, but may have unacceptable levels
for others. Thus, an area could be both attainment and non-attainment at the same time.
Attainment areas are defined using federal pollutant limits set by EPA.

BACT -- Best available control technology. It is an emission limitation that considers the cost of
energy, environment, and economics in developing a degree of emission reduction that is
achievable through application of good production processes, control systems, and techniques. In
no event can BACT allow emissions of a pollutant in excess of a NSPS or a NESHAPS. BACT
is determined on a case-by-case basis, is applied to each pollutant regulated under the Clean Air
Act (federal).

Carbon monoxide (CO) -- A colorless, odorless, poisonous gas, produced by incomplete
burning of carbon-based fuels. including gasoline, oil, and wood. Carbon monoxide is also
produced from incomplete combustion of many natural and synthetic products. For instance,
cigarette smoke contains carbon monoxide. When carbon monoxide gets into the body, the
carbon monoxide combines with chemicals in the blood and prevents the blood from bringing
oxygen to cells, tissues, and organs. The body's parts need oxygen for energy, so high-level
exposures to carbon monoxide can cause serious health effects. Massive exposures to CO can
cause death. Symptoms of exposure to carbon monoxide can include vision problems, reduced
alertness, and general reduction in mental and physical functions. "Carbon monoxide exposures
are especially harmful to people with heart, lung, and circulatory system diseases.

Clean Air Act (CAA) -- The original Clean Air Act was passed in 1963, but our national air
pollution control program is actually based on the 1970 version of the law. The 1990 Clean Air
Act Amendments are the most far-reaching revisions of the 1970 law. In this glossary, we refer to
the 1990 amendments as the 1990 Clean Air Act.

Clean fuels -- Low-pollution fuels that can replace ordinary gasoline. These are alternative fuels,
including gasohol (gasoline-alcohol mixtures), natural gas, and LPG (liquefied petroleum gas).

Combustion -- Burning. Many important.’pollutants, such as sulfur dioxide, nitrogen oxides, and
particulates (PM-10 or PM 2.5) are combustion products, often products of the burning of fuels
such as coal, oil, gas, and wood.

Continuous emission monitoring systems (CEMS) -- Machines, which measure, on a
continuous basis, pollutants released by a source. The 1990 Clean Air Act requires continuous
emission monitoring systems for certain large sources.

Control technology; control measures -- Equipment, processes, or actions used to reduce air
pollution. The extent of pollution reduction varies among technologies and measures. In general,
control technologies and measures that do the best job of reducing pollution will be required in




the areas with the worst pollution. For example, the best available control technology/best
available control measures (BACT, BACM) will be required in serious non-attainment areas for
partxculates a criteria air pollutant. A similar high level of pollution reduction will be achieved
with maximum achievable control technology (MACT) which will be required for sources
releasing hazardous air pollutants.

Criteria air pollutants -- A group of very common air pollutants regulated by EPA on the basis
of criteria (information on health and/or environmental effects of pollution). Criteria air
pollutants are widely distributed all over the country. A National Ambient Air Quality Standard
exists for each criteria pollutant (particulate matter, sulfur dioxide, nitrogen dioxide, ozone,
carbon dioxide, and lead).

Emission -- Release of pollutants into the air from a source. We say sources emit pollutants.
Continuous emission monitoring systems (CEMS) are machines, which some large sources are
required to install, to make continuous measurements of pollutant release.

Enforcement -- The legal methods used to make polluters obey the Clean Air Act. Enforcement
methods include citations of polluters for violations of the law (citations are much like traffic
tickets), fines, and even jail terms. EPA and the state and local governments are responsible for
enforcement of the Clean Air Act, but if they don't enforce the law, members of the public can
sue EPA or the states to get action. Citizens can also sue violating sources, apart from any action
EPA or state or local governments have taken. Before the 1990 Clean Air Act, all enforcement
actions had to be handled through the courts. The 1990 Clean Air Act gave EPA authority so
that, in some cases, EPA can fine violators without going to court first. The purpose of this new
authority is to speed up violating sources' compliance with the law and reduce court time and
cost.

Hazardous air pollutants (HAPs) -- Toxic chemicals that cause serious health and
environmental effects. Health effects include cancer, birth defects, nervous system problems, and
death due to massive accidental releases such as occurred at the pesticide plant in Bhopal, India.
Hazardous air pollutants are released by sources such as chemical plants, dry cleaners, printing
plants, and motor vehicles (cars, trucks, buses, etc.)

Major source -- Under the PSD regulations it is a facility, belonging to one or more of 28 source
categories, having the potential to emit 100 tons per year of a pollutant regulated under the
federal Clean Air Act (CAA). For categories other than the 28 sources, the potential emission
level can not exceed 250 tons per year. A major source in a nonattainment area (ozone
Washington Metro) has the potential to emit 50 tons per year of the pollutant for which the area
is in nonattainment (for ozone area we use the pollutants volatile organic compounds and
nitrogen dioxide). Also, a Title V source. A major source for the purpose of Title V in the CAA
is a stationary source that has the potential to emit 100 tons per year a pollutant regulated under
the CAA and/or a source that has the potential to emit 10 tons per year for a single hazardous air
pollutant or 25 tons per year of a combination of all hazardous air pollutants.

Material safety data sheets (MSDS) -- Product safety information sheets prepared by
manufacturers and marketers of products containing toxic chemicals. These sheets can be
obtained by requesting them from the manufacturer or marketer. Some stores, such as hardware




stores, may have material safety data sheets on hand for products they sell.

Mobile sources -- Motor vehicles and other moving objects that release pollution; mobile
sources include cars, trucks, buses, planes, trains, motorcycles and gasoline-powered lawn
mowers. Mobile sources are divided into two groups: road vehicles, which includes cars, trucks,
and buses, and non-road vehicles, which includes trains, planes, and lawn mowers.

Monitoring (monitor) -- Measurement of air pollution is referred to as monitoring. EPA, state,
and local agencies measure the types and amounts of pollutants in community air. The 1990
Clean Air Act requires states to monitor community air in polluted areas to determine if the areas
are being cleaned up according to schedules set by law.

NAAQS -- National ambient air quality standards. Ambient standards developed by EPA that
must be attained and maintained to protect public health. "Secondary" NAAQS are necessary to
protect the public welfare. NAAQS exist for particular matter, sulfur dioxide, nitrogen dioxide,
ozone, carbon dioxide, and lead.

Nitrogen oxides (NOx) -- A criteria air pollutant. Nitrogen oxides are produced from burning
fuels, including gasoline and coal. Nitrogen oxides are smog formers, which react with volatile
organic compounds to form smog. Nitrogen oxides are also major components of acid rain.

Non-attainment area -- A geographic area in which a criteria air pollutant level is higher than
allowed by the federal standards. A single geographic area may have an acceptable level for one
criteria air pollutant, but have unacceptable levels of one or more other criteria air pollutants.
Thus, an area can be both an attainment and non-attainment area at the same time. Sixty percent
of Americans are estimated to live in non-attainment areas.

NSR -- New source review. NSR means any new source locating in ozone nonattainment area
that will emit volatile organic compounds (VOC) and /or oxide of nitrogen (NO) in certain
amounts. These sources must: under go a new source review that provides for offsetting
emissions for any increases in the emissions of these two pollutants; use the lowest achievable
emissions technology to control emissions; apply for a construction permit; and meet other state
requirements before the new emission from the source can be permitted. Existing sources,
located in the 0zone nonattainment area, that emit these two pollutants and plan a change their
operational methods that will cause an increase in the emissions of these two pollutants must
apply for a modification permit and under go a review similar to a new source.

NSPS -- New source performance standards. These are federal EPA emission standards for
certain air pollutants that are emitted from new, modified, or reconstructed stationary emission
sources which reflect the use of best available control technology

NESHAPS -- National Emission Standards for Hazardous Air Pollutants.

Offset -- A method used in the 1990 Clean Air Act to give companies, which own or operate
large (major) sources in non-attainment areas, flexibility in meeting overall pollution reduction
requirements when changing production processes. If the owner or operator of the source wishes
to increase releases of a criteria air pollutant, an offset (reduction of a somewhat greater amount
of the same pollutant) must be obtained either at the same plant or by purchasing offsets from




another company.

Oxygenated Fuel (Oxyfuel) -- Special type of gasoline, which burns more completely than
regular gasoline in cold start conditions; more complete burning results in reduced production of
carbon monoxide, a criteria air pollutant. In some parts of the country, carbon monoxide release
from cars starting in cold weather makes a major contribution to pollution. In these areas
gasoline refiners must market oxygenated fuels, which contain a higher oxygen content than
regular gasoline. Some gasoline companies sold oxyfuels in cities with carbon monoxide
problems before the 1990 Clean Air Act was passed.

Ozone -- A gas which is a variety of oxygen. The oxygen gas found in the air consists of two
oxygen atoms stuck together; this is molecular oxygen. Ozone consists of three oxygen atoms
stuck together into an ozone molecule. Ozone occurs in nature; it produces the sharp smell you
notice near a lightning strike. High concentrations of ozone gas are found in a layer of the
atmosphere -- the stratosphere -high above the Earth. Stratospheric ozone shields the Earth
against harmful rays from the sun, particularly ultraviolet B. Smog's main component is ozone;
this ground-level ozone is a product of reactions among chemicals produced by burning coal,
gasoline and other fuels, and chemicals found in products such as solvents, paints, and hair
sprays.

Ozone hole -- Thin place in the ozone layer located in the stratosphere high above the Earth.
CFCs and related chemicals have linked stratospheric ozone thinning to destruction of
stratospheric ozone. The 1990 Clean Air Act has provisions to reduce and eliminate the
production and use of ozone destroying chemicals. Ozone holes have been found above
Antarctica and above Canada and northern parts of the United States, as well as above northern
Europe.

Particulates: particulate matter Particulate matter (PM) refers to all solid and liquid particles
found in the air. Attachment 3 summarizes the size characteristics of particles and particle
dispersoids. A size of 1y is equal to a thousandth of a millimeter or millionth of a meter. PM,
refers to particulates with size less than 2.5y and particulates with size less than 10y are referred
as PM,,. The particles smaller than 2.5y (microns) are respirable and have a greater chance of
getting deposited in the lungs and thus considered to have greater impacts compared to larger or
coarse particles. The main sources of fine particulate matter in urban areas are activities
involving the combustion process, specifically, point sources such as power plants, area sources
such as industrial boilers, commercial and home heating (including wood burning stoves), and
mobile sources such as buses, trucks, automobiles trains, and aircraft. The current National
Ambient Air Quality Standard (NAAQS) for PM, 5 is an annual mean of 15 pg/m® (micrograms
per cubic meter of air). The NAAQS for PM, is an annual mean of 50 pg/m’. Alexandria and
the metropolitan Washington area are currently meeting these standards.

Permit -- A document that resembles a license that is required by the Clean Air Act for big
(major) sources of air pollution, such as power plants, chemical factories and, in some cases,
smaller polluters. Usually permits are issued by states, but if EPA has disapproved part or all of a
state permit program, EPA will issue the permits in that state. The 1990 Clean Air Act includes




requirements for permit applications, including provisions for members of the public to
participate in state and EPA reviews of permit applications. Permits contain information on all
the regulated pollutants at a source. Permits include information on which pollutants are
presently released, how much pollution the source is allowed to release, and the control measures
necessary to meet pollutant release requirements. Permits are required both for the operation of
plants (operating permits) and for the construction of new plants. The 1990 Clean Air Act
introduced a nationwide permit system for air pollution control.

Pollutants (Pollution) -- Unwanted chemicals or other materials found in the air. Pollutants can
harm health, the environment and property. Many air pollutants occur as gases or vapors, but
some are very tiny solid particles: dust, smoke, or soot.

Primary standard -- A pollution limit based on health effects. Primary standards are set for
criteria air pollutants.

PSD -- Prevention of significant deterioration. This term refers to regulations that requires a
major new source or an existing source making majoring modifications to be permitted by the
state before construction is started if they are located in an attainment area.

RACT - Reasonably available control technology. It is usually an emission limit set by a state air
program and is the basis for emission rates used in their SIP. It usually applies to sources in
attainment areas and in most cases is less stringent than the NSPS level of control.

Reformulated gasoline -- Specially refined gasoline with low levels of smog-forming volatile
organic compounds (VOCs) and low levels of hazardous air pollutants. The 1990 Clean Air Act
requires sale of reformulated gasoline in the nine smoggiest areas. ‘Some reformulated gasolines
were sold in several smoggy areas before passage of the 1990 Clean Air Act.

Secondary standard -- A pollution limit based on environmental effects such as damage to
property, plants, or visibility. Secondary standards are set for criteria air pollutants.

State Implementation Plan (SIP) -- An accumulation of actions and programs a states carries
out to control emissions. This includes such things as rules and regulations, plans to control
ozone, and ambient air standards.

Smog -- A mixture of pollutants, principally ground-level ozone, produced by chemical reactions
in the air involving smog-forming chemicals. A major portion of smog-formers comes from
burning petroleum-based fuels such as gasoline. Other smog-formers, volatile organic
compounds, are found in products such as paints and solvents. Smog can harm health, damage
the environment and cause poor visibility. Major smog occurrences are often linked to heavy
motor vehicle traffic, sunshine, high temperatures and calm winds, or temperature inversion
(weather condition in which warm air is trapped close to the ground instead of rising). Smog is
often worse away from the source of the smog-forming chemicals, since the chemical reactions

that result in smog occur in the sky while the wind blows away the reacting chemicals from their
sources.

Source -- Any place or object from which pollutants are released. A source can be a power plant,




factory, dry cleaning business, gas station, or a farm. Cars, trucks, and other motor vehicles are
sources. Consumer products and machines used in industry can also be sources. Sources that stay
in one place are stationary sources; sources that move around, such as cars or planes, are called
mobile sources.

State implementation plan (SIP) -- A detailed description of the programs a state will use to
carry out its responsibilities under the Clean Air Act. State implementation plans are collections
of the regulations used by a state to reduce air pollution. The Clean Air Act requires that EPA
approve each state implementation plan. Members of the public are given opportunities to
participate in review and approval of state implementation plans.

Stationary source -- A place or object from which pollutants are released which stays in place.
Stationary sources include power plants, gas stations, incinerators, and houses.

Stratosphere -- Part of the atmosphere, the gases that encircle the Earth. The stratosphere is a
layer of the atmosphere 9-31 miles above the Earth. Ozone in the stratosphere filters out a
harmful type of sunlight called ultraviolet B, which has been linked to health and environmental
damage. .

Sulfur dioxide -- A criteria air pollutant. Sulfur dioxide is a gas produced by burning coal, most
notably in power plants. Some industrial processes, such as production of paper and smelting of
metals, produce sulfur dioxide. Sulfur dioxide is closely related to sulfuric acid, a strong acid.
Sulfur dioxide plays an important role in the production of acid rain.

TITLE V PERMIT- - Is a federal operating permit program adopted and implemented by the
VDEQ. The basic program elements specify that major sources in Virginia will submit an
operating application to the EPD according to a schedule. EPA and the affected states will review
the permit issuance. The pubic also has an opportunity to comment on the permit, which is
renewable every five years. Minor changes to the permit can be made without opening the permit
for public participation.

Ultraviolet B (UVB) -- A type of sunlight. The ozone in the stratosphere filters out ultraviolet B
rays and keeps them from reaching the Earth. Ultraviolet B exposure has been associated with
skin cancer, eye cataracts, and damage to the environment. Thinning of the ozone layer in the
stratosphere results in increased amounts of ultraviolet B reaching the Earth.

Vapor recovery nozzles -- Special gas pLi‘mp nozzles that reduce the release of gasoline vapor
into the air gas is pumped into car tanks. There are several types of vapor recovery nozzles.
Therefore, nozzles may not look the same at all gas stations. The 1990 Clean Air Act requires the
installation of vapor recovery nozzles at gas stations in smoggy areas.

Volatile organic compounds (VOCs) -- Organic chemicals all contain the element carbon (C).
Organic chemicals are the basic chemicals found in living things and in products derived from
living things, such as coal, petroleum, and refined petroleum products. Many of the organic
chemicals we use do not occur in nature, but were synthesized by chemists in laboratories.
Volatile chemicals readily produce vapors at room temperature and normal atmospheric pressure.
Vapors escape easily from volatile liquid chemicals. Volatile organic chemicals include gasoline,




industrial chemicals such as benzene, solvents such as toluene and xylene, and
tetrachloroethylene (perchloroethylene, the principal dry cleaning solvent). Many volatile organic
chemicals, such as benzene, are also hazardous air pollutants.
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November 7, 2003

The Honorable W. Tayloe Murphy, Jr.
Secretary of Natural Resources

733 Ninth Street Office Building
Richmond, Virginia 23219

Re:  Mirant Potomac River Power Generating Station, 1400 North Royal Street,
Alexandria, Virginia

Dear Secretary Murphy:

I write to share with you the City of Alexandria’s concerns regarding operations at the Mirant
Potomac River Power Generating Station which is located in Alexandria. Our concerns stem
from the effects that the plant’s operations and emissions are, or may be, having on
Alexandrians, particularly those residing in the immediate vicinity of the plant.

One concern relates to fine particulate emissions that may be coming from the plant and their
health impacts on the community. Studies suggest that particulate matter less than 2.5 microns in
size may have adverse health impacts. The City requests that any permit issued by the Virginia
Department of Environmental Quality for the Mirant plant, including any Title V permit,
adequately address the issues relating to these emissions. We also request that no permit action
be taken without the City being able to discuss our concern with your staff.

The City also has a concern relating to fugitive dust emissions that result from operations at the
Mirant plant. The City has often received complaints concerning such emissions, which leave
the plant property from the plant’s coal pile or as a result of coal unloading and flyash loading
operations. The DEQ’s own analysis of samples taken from the neighborhood and the plant
shows that particulates, including coal dust, are leaving the plant site, and comprise up to 50
percent of the dirt and dust found in the adjacent neighborhood (see enclosed copy of the DEQ
memorandum, dated June 10, 2003). Before any new or revised permit is issued for the Mirant
plant, the City asks that VDEQ review the measures now being used at the plant to control coal
and flyash emissions. Improved measures would include the installation of negative air pressure
air handling systems, along with appropriate air filters.

“Home Towon o/ geoot;e 7%44&%;/0% and Robert & Lee”
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A further City concern relates to the NOx emissions from the Mirant plant. The existing State
operating permit for the plant, which was issued in 2000, limits NOx emissions during the ozone
season. On September 10, 2003, VDEQ issued a Notice of Violation to Mirant for failing to
meet these limits. The City is not aware of any current efforts by Mirant to install additional air

pollution control equipment or to upgrade or modify its current control equipment to meet these
NOX limits.

The City understands that VDEQ is now in negotiations with Mirant regarding its existing
operating permit and a future Title V permit. We also understand that these negotiations are
addressing the possibility of the Mirant plant being allowed to achieve NOx compliance by
trading NOx emissions reductions at other facilities. It is not clear what impact such “trading”
may have upon the City, although our initial impression is that the impact may not be favorable.
In any event, if “trading” were permitted by VDEQ, we believe that the significant savings
Mirant would experience should be used to fund local NOx mitigation measures here in
Alexandria.

For these reasons, I ask that, before any action is taken by VDEQ in conjunction with Mirant’s
current permit, Mirant’s NOV, or the issuance of a Title V permit for the Mirant plant, the City
be able to address our concerns with your staff.

I appreciate your consideration of this request, and I look forward to your reply. In the meantime,
if you have any questions, please contact Richard Baier, the Director of our Department of
Transportation and Environmental Services, at 703.838.4966.

Sincerely,

] L

illiam D. Euille
Mayor

Enclosure

cc: Robert G. Burnley, Director, NVRO, DEQ
Philip Sunderland, City Manager




COMMONWEALTH OF VIRGINIA
* DEPARTMENT OF ENVIRONMENTAL QUALITY

‘ MEMORANDUM
TO: Charles D. Forbes (DEQ/NVRO)
FROM: Kelly Lease, Air Compliance Inspector, NVRO

SUBJECT: ™" * Atialysis of Dust Samples Taken at 1200 and 1202 Pitt Street, Alexandria, Virginia
DATE: """ *" “Rune'10;2003 -

The purpose of this memo is to present the analytical results for dust samples collected in response to
citizen complaints regarding particulate emissions from Mirant's Potomac River Generating Station, a coal-
fired power plant located within the City of Alexandria. Dust samples were collected from areas in the
front and rear of residences at 1200 and 1202 Pitt Street in Alexandria at the request of Ms. Elizabeth
Chimento, a resident of 1200 Pitt Street. Her residence is approximately one-quarter mile from the plant.

The samples were collected on April 22,2003, by Ms. Kelly Lease and Mr. David Hartshorn with the .
Department's Northern Virginia Regional Office ONVRO). In addition to Ms, Chimento, Mr. Poul Hertel,
also an Alexandria resident; was present during the sampling event. The samples were delivered to the
Department’s Office of Air Quality Assessment, with an unbroken chain of custody.

BADT N i L RLL b L s e L St e R
The samples were visually, examined using a polarizing light microscope at 150 times magnification. The
results of this examination are attached. To summarize these results and follow up discussions with the
analyst of record, uncombusted goal dust was estimated to constitute up to 50 percent of each sample. Coal
combustion products were also present, including partially combusted coal and partially fused ash, at
approximately 10 percent of each sample. These combustion products appeared to have not been exposed
to high temperature. It should be noted that this analysis has the following limitations: 2) a particle count
was not performed; and b) as black particles, coal dust stands out against lighter particles of other materials.
This can result in over-estimating their relative proportion within the sample. The remainder of the
constituents in the sample were either biological (e.g., pollen, fungus, algae, stellate hairs) or materials
common to urban environments (e.g., asphalt, mineral particulate, rubber, fibers, paint, wood dust).

In reviewing these results, it is important to note that these results cannot be considered quantitative. ’[:he
sampling methodology used (i.¢., simply brushing dust from surfaces into vials) does not support defensible
conclusions regarding constituent concentrations in ambient air, nor when materials found in the sample
were generated. Furthermore, no chemical analysis was performed on the samples. Simply put, NVRO
can make no formal determination regarding the compliasice status of the Potomac River Generating
Station as a result of this sampling, but the results warrant further disciissions with Mirant and closer
monitoring of the facility. To this end, and with your approval, NVRO's compliance inspection strategy for
the Potomac River Facility will be modified to focus attention on coal-handling procedures and particulate
emission"control features at the facility: ‘A meéeting with Mirant will be scheduled to discuss this report and
review the operating records and current conditions at the plant. At this time, the pertinent dust control
regulations (9 VAC 5-40-90 - Standard for Fugitive Dust/Emissions) will be reviewed.

cc: Carolyn Stevens (DEQ Office of Air Quality Assessment)
Lalit Sherma (Alexandria Health Department)
Debra Knight (Mirant Mid-Atlantic, LLC)

\Air Compliance\Correspondence - Letters and Memos\internalsampling\dust @ Pitt St, Alexandria.kl.doc




Virglnia Dept. of Environmental Quality Submittal No. M0498
Office of Alr Quality Assessment
Miccoscoplc Analysis Form

Submitted by: Kelly Lease

Date sample rcceived: 5/14/03 S

Sample description: Twelve vials contaiving sample matenal collected fromr 1200 and 1202 Pit:

Streetin Alcxandria, VA, in response to 2 citizen complaint

.t

. Aﬁal)?ié_al re;u‘lts:'. (Include date of comple_tioﬁ of analysis and signature of responsible party)

Identified:

- fibers, rubber, coal combuston products

(%]
.

Lalle RS

10.

R B

Vial labeled “Glass Table Deck™ Sample moderate to large amounts of usphalt coal
dus?, minerz] particulate (quartz, biotite, calcite, clay, etc), pollen, fungus, assorted
V'ial labeled *1200 Front Wincow™: Sample contained moderate te large amounts of
asphalt, pollen, coal dust, mineral particulate; smailer amounts of algas, paint, patially
fused ash, rubber

Vial labeled #1202 Window Ledge™: Sample contained moderate to large amounts
asphalt, mineral pacticulate, polien, stellate hairs, coal dust; smaller amounts of coal
combustion products, fungus ' :

Vial labeled #1202 Entry”: Sample contained modcrate 1o large arnounts of asphalg,
pollen, mineral particulate, coal dust. wood dust, stellate hairs; smaller amounts of
assorted fibers, paiat, coal combustion products, rubber, partially fused ash

Val labeied #1202™ En'ryway™: Same as #4, including some fungus
Vhal labeled 1200 Entyway™ Sameas #4

- Vial labeled 1200 E Eaty™ Sameas#4”

Vial 1abeled “1202 Front Window™: Samplc contained mostly pollen; also contamed
asphalt, mineral particulate, ceal dust, stellate hairs, paint, coal combustion products,
fungus o

Viﬁabeled *-1200 Side Window™: Sample contained mostly pollen; slso contained
asphalt, coal dust, mineral particulate, rubber, coal cormbuston products

Vial labeied “Rear Windowsill”: Sample contained mostly peollen; also contained
small amounts of coal dust, coal combustion products, stellate hairs

Two samples, “1200 Front Window™ and “Rear Windowsill", were collected on tape, and could
not be analyzed. Most of the coal contained in the samples did not appear to have been exposed
to any combustion process.

O m Jle—
>




Mirant Power Plant
Emissions and Health Effects
Report

Elizabeth Chimento
Poul Hertel

August 20, 2003
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Health Effects Institute
http://www.healtheﬂ'ects.org/Pubs/st-timeseries.htm




INTRODUCTION!

After observing considerable residue around residences near the Mirant power plant, we
Jaunched an investigation in the Spring of 2001 to scientifically determine both the cause
and constituency of the deposits. At this point, the basis of our knowledge was anecdotal,
necessitating empirical analysis to ascertain the source and content of the material. To
this end, we approached and consulted Jonathan Levy of the Harvard School of Public
Health, Gareth Mitchell of Pennsylvania State University Coal and Organic Petrology
Laboratories, and the Virginia Department of Environmental Quality. In the interim, the
Journal of the American Medical Association published (March 6, 2002) a study
detailing adverse health effects from particulate matter. The article, which reviewed a
consistent accumulation of foundational evidence linking mortality to fine particulate
matter, raised our awareness of health effects associated with coal-fired power plant

operations and emissions. It also heightened our local concerns and intention to identify
the neighborhood residue.

As indicated in the scientific studies summarized below, the results demonstrate a large
part of the residue originates at the Mirant plant. Further, the occurrence of fly ash and
partially fused ash in the test samples legitimize our initial health concerns regarding
particulates emitted by the power plant. Subsequent research, using a long-range wind
dispersion model, concludes that proximity to the plant results in higher levels of
particulate exposure, thereby creating greater health risks.

| Elizabeth Chimento and Poul Hertel wish to acknowledge a contribution of $150.00 for each, from their
respective civic associations, to attend the International Coal Conference sponsored by the US Geological
Survey, September 24-26, 2001. However, the writers pursued this project independently and are solely
responsible for this report.




LEVY ET AL. STUDY

Jonathan Levy’ -et al’s Executive Summary of “The Influence of Population
Heterogeneity on Air Pollution Risk Assessment: A Case Study of Power Plants Near
Washington, DC” (Levy, Greco, Spengler, Harvard School of Public Health, Boston,
May 2002, copy attached®) provides a seminal analysis of the D.C. metropolitan area’s
power plant emissions and their health effects’. Focusing on old coal-fired plants
exempted from the Clean Air Act’s regulation and located within a 50 mile radius of the
D.C. metro area, Levy et al. target five facilities for study: Benning, Chalk Point,
Dickerson, Possum Point and Potomac River, here in Alexandria, Virginia (Levy et al.,
Executive Summary 1). The study concludes that, by reducing emissions, more than 200

deaths per year, as well as numerous hospital admissions, emergency room visits and
asthma attacks could be prevented in the entire five plant region (Exec. Sum. 6).

The Levy group initiated its analysis to determine health impacts of fine particulate
matter (PMz.s)5 released by these facilities. To obtain this data, they quantified the direct
emissions of PM, 5, called primary particles, as well as sulfur dioxide (SO2) and nitrogen
oxides (NOx), known as secondary particles, which form over time in the air (Exec. Sum.
2). The majority of regulations controlling power plant emissions, however, focus on SO,

and NOx but do not consider primary particles (PMa s).

Levy et al. then “addressed the question of health benefits which would have been
obtained in 1999, had emission rates commensurate with Best Available Control
Technology (BACT) been required at that time” (Exec. Sum. 1). To estimate health
benefits, three end points were established: premature mortality, cardiovascular hospital
admissions for the elderly and asthma emergency room visits for children, all of which
had previously been linked with air pollution (Exec. Sum. 3). Levy incorporated the
baseline estimate of premature mortality risk from the Health Effects Institute’s re-
analysis of the American Cancer Society cohort study, ACS 11, which established the

association between long-term PM, 5 exposure and mortality rates (Exec. Sum. 3).

Employing the method of a long-range atmospheric dispersion model to “estimate the
effects of emissions on ambient concentrations and using epidemiological findings to
quantify the health effects associated with concentration changes,” Levy and colleagues
completed their study (Exec. Sum. 1).

The analysis demonstrated that reducing emissions could provide public health benefits
by lowering premature deaths, hospital visits and asthma attacks (Exec. Sum. 6).

2 yonathan Levy, Sc.D, Harvard School of Public Health’s leading scientist in power plant/health issues, has conducted
case studies on pollution and coal-fired power plants in Massachusetts, Illinois and, most recently, Washington, DC. In
May 2002, he briefed the U.S. Senate Environment and Public Works Committee on “Health Impacts of Power Plants:
Case Studies in Massachusetts, lllinois, and Washington D.C.” (Sources, p. 6, “Health Impacts of Air Pollution from
Washington DC Area Power Plants,” Summary prepared by Jonathan Levy specifically for Clean Air Task Force, May
2002).

3 This study also published in Environmental Health Perspectives. The Importance of Population Susceptibility for Air
Pollution Risk Assessment: A Case Study of Power Plants Near Washington, DC. Vol 110, No.12 (Dec. 2002): 1253-
60.

4 The analysis also examined the effects of PM, 5 on different subpopulations in the region by taking into account
individual risk factors.

3 PM, s refers to particulate matter of 2.5 microns or less.




The Levy et al study of D.C. area power plants and accompanying health effects
demonstrates that if Best Available Control Technology (BACT) were installed,
premature deaths, hospital visits and asthma attacks caused by ambient 2.5 pollution
would be considerably curtailed. Also, Levy’s focus on 2.5 particulates (primary
particles) and their effect on health reveals that these particles amass closer to the plant
and decrease more quickly with distance, thereby jeopardizing the health of residents and
workers in proximity to the plants. This is especially the case for Alexandria’s Potomac
River plant, which is located in a densely populated urban area. Finally, the health
benefits achievable, if Best Available-Control Technology were installed, become
dramatically clear in Levy’s quantitative analysis. For the Potomac River plant
alone, approximately 40 deaths, 43 hospital admissions, 560 emergency room visits
and 3,000 asthma attacks per year would be prevented.




POPE ET AL./ JAMA ARTICLE

Connecting with Levy’s focus on health issues associated with power plants in the D.C.
area, the Journal of the American Medical Association published, in March 2002, the
landmark analysis, “Lung Cancer, Cardiopulmonary Mortality, and Long-term Exposure
to Fine Particulate Air Pollution” (Pope, Burnett, Thun, Calle, Krewski, Ito, Thurston.
JAMA 287, 9, 2002, 1132-41, attached) which also examines health concerns relating to
fine particulate (2.5 microns) air pollution. The scientists discovered that long-term
exposure to particulate and sulphur-oxide air pollution, common to metropolitan areas,
correlates with all-cause, lung cancer and cardiopulmonary mortality (1 132).

This study, tracing the historic progression in research of fine particle pollution’s effects,
notes that in the 1970’s it was established that mortality increased with highly
concentrated particles and sulphur oxide pollutants (1132). In the 1990’s, research
discovered that low concentrations of particulate air pollution affected health and
mortality, as well (1132). The gravity of these findings instituted a paradigm shift in
environmental research, necessitating a re-evaluation of health guidelines and air quality
standards. As a result, the EPA in 1997 imposed limits to fine particles measuring less
than 2.5um (in diameter) in its air quality standards (1 132).

Whereas most studies to this point had focused on short-term exposure to small
particulate pollution and its effects on health, newer research suggested that long-
term exposure might be more detrimental to public health (1132). Therefore, based
on one of two major studies linking mortality to Jong-term pollution (PM 2.5) exposure,
Pope et al. determined to assess the correlation between long-term exposure to fine
particulates and all-cause, lung cancer and cardiopulmonary mortality.

Incorporating individual risk factors, such as smoking, education, marital status, body
mass index (BMI), alcohol consumption, occupational exposures, diet and vital status
data, the researchers connected these variables with national ambient air pollution data
(1135). The statistical basis for the study was taken from the American Cancer Society’s
“Cancer Prevention Study II (CPS-II),” in which approximately 1.2 million adults were
participating in an ongoing mortality study (1133). The Pope group enrolled only those
participants, however, who lived in US metropolitan areas having available pollution
data, thereby limiting their enrollment pool to 500,000. Participants completed
questionnaires, including selecting applicable individual risk factors. Using the
methodology of the standard “Cox proportional hazards survival model” and subjecting it
to statistical analysis allowing for risk factor variables, as well as accumulating and
charting death statistics, Pope et al. conducted their study (1134).




The statistics showed that long-term exposuré to particulate and sulphur-oxide air
pollution, common to metropolitan areas, increases all-cause, lung cancer and
cardiopulmonary mortality (1132). Also, “each 10-ug/m3 elevation in long-term
particulate air pollution (average PM, s ambient concentrations) was associated with
approximately a 4%, 6%, and 8% increased risk of all-cause, cardiopulmonary and
lung cancer mortality, respectively” (1137). Finally, the link between fine particle air
pollution and lung cancer and cardiopulmonary mortality remained constant, after

allowing for individual risk factors and, after “controlling for regional and other spatial
differences” (1141).

The American Medical Association’s publication of the Pope et al. study in JAMA
achieves a benchmark in fine particulate air pollution research, dissemination and public

health protection by mainstreaming this study to the more than 340,750 medical
community subscribers? it serves.

6 Jennna Ludwig, Circulation Dept., J AMA, Chicago.




MITCHELL/ PENN STATE STUDY
Pitt Street Test samples

Whereas the Levy et al. report and the Pope et al/JAMA article focus on 2.5 micron
particles, which cause and/or aggravate serious health conditions, the Penn State analysis
concentrates on determining the constituent elements of the North Old Town
neighborhood dust samples’. The study concludes that non-combusted coal particles and
partially combusted coal dust comprise “a significant amount” of the residential samples
and that fly ash, although in lesser amounts, is also present (“A Petrographic Evaluation
of Three Dust Samples and a Coal,” p. 7, copy attached).

The analysis, conducted by Gareth D. Mitchell of the Coal and Organic Petrology
Laboratories, Pennsylvania State University, using reflected light optical microscopy at
625X magnification (Mitchell 4), determines that the coal dust probably originates from a
raw materials handling source, such as “railroad car tops, dumping operations,
stockpiling and reclaiming, transportation, crushing operations” or all of the preceding
possibilities (2). Further, the Penn State study reveals that coal spilled along the railroad
track at the Mirant site matches the coal dust particles, thereby indicating that the coal
dust on neighboring residential windowsills originates at the Mirant plant.

It is noteworthy that laboratory slides evidencing fly ash of the 1-2 micron size are
identified in several of the plates (6). These smaller particulates are the most dangerous
to health (see Levy study and Pope/JAMA article) and are easily inhaled through
respiration.  Although fly-ash particles are less dominant in the samples, they do
represent an overall health concern and necessitate, at the very least, stringent testing and
monitoring to ascertain counts of 2.5 micron particulates near the plant and adjacent
neighborhood areas. The Levy study emphasizes that 2.5 and lesser micron particulates
are sufficiently present in the air surrounding the Mirant Potomac River Generating

Station to constitute a considerable hazard to public health (Levy Summary, page 2, this
document).

In summary, the Penn State study demonstrates not only that coal dust accounts for a

“significant amount” of the windowsill samples, but also that the Mirant power plant is
the originating source.

7 Samples of windowsill residue and coal sample from railroad track at Mirant power plant submitted to Penn State for
analysis on 6/28/02 to establish residue constituents and point of origin.

7




VIRGINIA DEQ TEST RESULTS

Like the Penn State analysis, the Virginia Department of Environmental Quality test
results indicate that coal particles (non-combusted) and partially combusted coal dust
account for a large part of the sample constituents®. The DEQ study, however, determines
that “up to 50% of the residential samples is composed of “uncombusted coal dust” and
another 10% consists of “coal combustion products, . . . including partially combusted
coal and partially fused ash” (Memo, “Analysis of Dust Samples Taken at 1200 and 1202
N. Pitt Street, Alexandria, Virginia,” attached).

The DEQ analysis was conducted by Carolyn Stevens, DEQ Office of Air Quality
Assessment, Richmond, Virginia, using 2 polarizing light microscope at 150 times
magnification to examine the samples (Memo).

Unlike the Penn State study results, the DEQ maintains that the 10% of “coal
combustion products . . . including partially combusted coal and partially fused ash”
found in the samples are not classified as fly ash, as the Penn State study indicates, but
only as partially combusted constituent elements (Memo). This variance between the
Penn State and DEQ studies is of interest as well as the discrepancy between the DEQ lab
report’s broad generalizations (DEQ Microscopic Analysis Form, attached) and the
commentary memo’s greater specificity, which inverts normative scientific procedure.
For example, the lab report does not indicate the breakdown nor percentages of
constituent elements in the samples nor does it indicate that “up to 50%” of the samples is
comprised of coal dust, as the commentary memo states. Rather, the lab report simply
generalizes that coal dust is one of “moderate to large amounts of asphalt, coal dust,
mineral particulate, pollen, fungus, assorted fibers, rubber, coal combustion products”
(DEQ Microscopic Analysis Form).

Nevertheless, these test findings have generated within the DEQ, a recommendation to
address the Mirant plant’s “coal handling procedures and particulate emission control
features” (Memo) and to review with the plant Virginia DEQ dust control regulations,
included in “#9 VAC 5-40-90 — Standard for Fugitive Dust/Emissions” (Commonwealth
of Virginia State Air Pollution Control Board Regulations for the Control and Abatement
of Air Pollution, p. 4-1:2, attached). At this time, the DEQ official response to their test
findings on the Pitt Street samples remains forthcoming.

In conclusion, the Virginia DEQ’s test results as well as the Penn State studies, indicate

that a large amount of the neighborhood windowsill residue originates at the Mirant
power plant.

& Commonwealth of Virginia, Department of Environmental Quality, Memorandum from Kelly Lease, Air
Compliance Inspector, Northern Virginia Regional Office to Charles D. Forbes, Air Compliance Manager,

DEQ/NVRO, Re: “Analysis of Dust Samples Taken at 1200 and 1202 N. Pitt Street, Alexandria, Virginia,”
dated 6/10/03.
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HEALTH EFFECTS

Research in the United States suggests that fine particulates are responsible for tens of
thousands of deaths caused by increases in lung and heart disease. Fine particulate air
pollution triggers many kinds of respiratory illnesses, including asthma, bronchitis,
pneumonia and emphysema. Senior citizens, infants and people who already have lung,
asthmatic or heart problems are most at risk, but healthy younger adults and children can
also be affected. The connection between asthma and fine particulates is noteworthy
since asthma is the most common cause of medical emergencies in children'.

"Each 10pg/m’ elevation in long-term average
PM, s ambient concentration was associated
with approximately a 4%, 6%, and 8%
increased risk of all-cause, cardiopulmonary,
and lung-cancer mortality, respectively"

Pope et Al Journal of the American Medical Association
Murch 2002

Varieties of pollutants affect our air quality. During the 1990s research provided evidence
that fine particles can damage human health even at concentrations previously thought to
be unimportant. Particles with a diameter of 10 microns (millionths of a metre) or less,
termed PM,, are the most hazardous®.

PM,, are composed of a wide range of materials from a variety of sources:

e primary particles - arising from combustion sources

e secondary particles - mainly sulfate and nitrate formed by chemically combining
Sulfur dioxide and nitrogen oxide with ammonia in the atmosphere.

e coarse particles - suspended soils and dusts, sea salt, biological particles and
particles from construction work

! Fine Particulates: What are they and how they affect us. February 2002. Government of British Columbia; Ministry of
Water, Land and Air Protection: Water, Air and Climate Change Branch

See also the following two reports;
An Association between Air Pollution and Mortality in Six U.S. Cities
Douglas W. Dockery, C. Arden Pope, Xiping Xu, John D. Spengler, James H. Ware, Martha E. Fay, Benjamin G.

Ferris, and Frank E. Speizer New England Journal of Medicine Volume 329:1753-1759 December 9, 1993 Number
24

Reanalysis of the Harvard Six Cities Study and the American Cancer Society Study of Particulate Air Pollution and

Mortality. Health Effects Institute. A Special Report of the Institute’s Particle Epidemiology Reanalysis Project. Final
version, July 2000.

2 An Association between Air Pollution and Mortality in Six U.S. Cities Douglas W. Dockery et al 1993
Reanalysis of the Harvard Six Cities Study and the American Cancer Society Study of Particulate Air Pollution and
Mortality. Health Effects Institute. Final version, July 2000.




Further, the research indicated, as seen in the graph below, that primary 2.5 particle
concentrations “peaked closer to the plant and decreased more rapidly with
distance than for sulfates or nitrates” (Exec. Sum. 4). Therefore, proximity. to the plant
directly corresponded with higher levels of exposure to primary 2.5 particle pollution
(Fig. 3 below, Levy et al. Environmental Health Perspectives. 1257). These results were
consistent with Levy’s earlier Massachusetts and Illinois power plant studies’ findings,
which used the same methodology (Exec. Sum. 6). Also, calculated on an annual average
basis, concentration peaks for all pollutants occurred within 20 kilometers of the source
(Exec. Sum. 4). For the Potomac River plant, that range covers all of Alexandria.
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Figure 3. Cumulativa distribution of total sxposura raduction 35 a function of distanc s from ths source, by
power plantand pollutant typs. (Environmental Health Perspectives, Levy et al., 1258)

The study’s quantitative results evidence that more than 200 fewer deaths per year would
occur in the entire five plant region if best available control technology (BACT) were in
place (Levy, Environmental Health Perspectives. 1257). In Table 1 below (Levy, CATF,
3) Levy estimates the benefits accruing to each of the five plants individually, if BACT
were implemented. For Alexandria’s Potomac River plant, almost 40 lives per year
would be saved. In addition, 43 hospital admissions, 560 emergency room visits and
3,000 asthma attacks would be prevented.

Attributed Plant Impacts and Benefits
Emergency Room
Premature Deaths  Hospital Admissions Visitis

Asthma Attacks

Hospiral Asthina
Admissions Atctacks
Prevented by Prevented by

Current  Reduced
Impacts  Emissions

Current  Reduced
Impacts  Emissions

Benning 3 1 180 99
Chalk Point 110 82 7.400 5700
Dickerson 53 43 3.700 3.000
Possum Point 57 44 3,990 3.000
Potomac River a6 43 2 4,600 3,000

Table 1, taken from The Clean Air Task Force’s "Health Impacts of Air Pollution from Washington DC
Area Power Plants,” summarizes current health impacts and benefits for each of the five plants if the

plants emitted less pollution, based on estimates calculated by Levy et al., excluding differential effects on
disadvantaged populations.
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Not all PM,, are created equal. It can be composed of very small particulates of about 0.1
to 0.2 microns in diameter. To simplify things, the literature often refers to a fine and
coarse fraction of PMjo, since they generally differ in chemical composition source and
behavior in the air:

e The fine fraction (PM,s)) contains particulates 2.5 microns or smaller. This
fraction is most often generated by combustion processes and by chemical
reactions taking place in the air.

From our lungs' point of view, bigger particulates are less harmful. Because of their
weight, particulates larger than 10 micrometers settle to the ground quickly. If we do
inhale them, they tend to collect in our throat and nose, the upper respiratory system, and
are eliminated from our body by sneezing, coughing, nose blowing or through the
digestive system. In other words, they do not travel very far into our lungs. They contain
materials common to the crust of the earth and the ocean, reflecting the fact that natural

sources such as windblown dust and sea salt spray are big contributors to the coarse
fraction.

In contrast, particulates in the fine fraction (PM,5) can remain in the air for days to
weeks. They can penetrate especially deep into our lungs, collecting in the tiny air sacs
(called "alveoli") where oxygen enters the bloodstream. Consequently, they can cause
breathing difficulties and sometimes, permanent lung damage.

Studies

“Epidemiological work conducted over several decades has shown that long-term
residence in cities with elevated ambient levels of air pollution from combustion sources
is associated with increased mortality”3. Subsequent studies found a strong relationship
between not only sulfates and mortality but also fine particulate matter (all particles less
than 2.5 microns in median aerodynamic diameter [PMz s]) and mortality rates.

Conclusive evidence of the adverse effects of air pollution and mortality has been around
for years®. However, recent research has focused on a more narrow scope of parameters.
These studies demonstrated conclusively that the pollution levels needed for harmful
effects were much smaller than expected and that fine particulate matter contributes to
excess mortality’. These findings included statistical techniques in which individual risk
factors, like smoking habits, were factored into the study.

3 Particle Epidemiology Reanalysis Project © 2000 Health Effects Institute, Cambridge MA

4 See Firket J, The Cause of the symptoms found in the Meuse Balley during the fog of December, 1930 Bulletin Acad
R Med Belgium. 1931; 11:683-741

Ciocco A, Thomson DJ. A follow up of Donora ten years after: methology and findings. American Journal of Public
Health. 1961; 51:155-164

5 Abbey DE, Nishino N, Mcdonnell WF, Burchette RJ, Knutsen SF, Baeson LW, Yang JX. 1999 Long Term inhalable
particles and other air pollutants related to mortality in nonsmokers. Admerican Journal Crit Care Med 159(2):373-38
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The seminal study by Dockery6 and colleagues, the Harvard Six Cities study, found that
fine particulate matter contributes to excess mortality (see figure below for time profile).
In a similar study, Pope’ and colleagues (American Cancer Society Study) reported that
increased mortality in the form of cardiopulmonary disease and lung cancer was caused
by fine particulate matter, sulfates, and does so at pollution levels commonly found in US
cities. These studies hastened a new set of guidelines for PM, 5 levels of acceptability by
the Environmental Protection Agency.

Fine Particles “Both estimates suggest that

b the respective hazard ratio is a
R ' nonmonotone function of the
follow up time. Specifically,
the impact of fine particles on
the mortality hazard decreases
to near zero after five years of
follow up, but later increases
s b \ to reach a peak at about 10 to

v 12 years of follow up.”
Harvard Six Cities Study, page 152

Log-Hazad Raso

' , . . A \

Foiga-Up T2 iyearzt

The business community challenged the validity of the studies and the legal wherewithal
of the EPA to implement new guidelines, which prompted the EPA to seek validation of
the original findings. Consequently, the EPA urged Harvard University and the American
Cancer Society to allow other scientists to review their data. Consequently, Harvard
University asked the Health Effects Institute (HEI) to review the studies in order to
ascertain the validity of the conclusions. A full copy of the study® is available from the
HEI web Site and it is voluminous and technical. Nevertheless, it does validate the
original findings and mortality rates associated with the fine particulates.

In the March 2002 issue of the Journal of the American Medical Association Pope9 and
Colleagues assessed the effects of long term exposure to the fine particulate air pollution.

 Dockery DW, Pope CA, XU X, SpenglerJD, Ware JH, Fay ME, Ferris BG, SpeizerFE, 1993. An association between
air pollution and mortality in six US cities. New England Journal of Medicine 329: 1753-1759

7 Pope CA, Thun MJ, Namboodiri MM, Dockery DW, Spengler]D, Evans JS, SpeizerFE, Heath CW. 1995. Particulate

air pollution as a predictor of mortality in a prospective study of US Adults. American J Respir Crit Care Med 151:
669-674

8 Re-Analysis of The Harvard Six Cities Study and The American Cancer Society Study of Particulate Air Pollution

and Mortality A special Report of the Institutes Particle Epidemiology Reanalysis Project; July 2000 The Health Effects
Institute.

9 Pope CA, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, ThurstonGD. 2002. Lung, Cancer, Cardiopulmonary

Mortality and Long Term Exposure to Fine Particulate Air Pollution. Journal of the American Medical Association:
March 6 2002: 1132-1141
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The authors found that there was an effect and that the effect persisted over time. "For
every increase in each 10pg/m® elevation in long-term average PM,s ambient
concentration was associated with approximately a 4%, 6%, and 8% increased risk in all-
cause, cardiopulmonary, and lung-cancer mortality, re:spectively."lo

The function is linear, meaning that the greater the exposure the greater the risk.
Furthermore, correcting mortality rates for other adverse effects, such as tobacco
smoking, drinking, obesity and location effects, does not alter the evidence of fine
particulate matter on mortality.

Fly Ash'!

The connection between Fly ash and health issues is
important and yet very difficult to clarify. Because
approximately 20% - 40% of fly ash particles are below 7
microns in diameter, they are in the respirablel2 range and
absorbed by the deeper lung tissue. The study below
demonstrates not only the adverse effects of fly ash on
health, but also the connection between the size of the
particulate matter and the effect on health. The smaller the
particulates, the greater the effect.

During the past decade, research has consistently demonstrated the connection between
inhaled particulate matter with both acute and chronic health effects. Although much
research has been directed toward identifying plausible mechanisms linking particulate
matter and pathophysiologic effects, many critical aspects are not understood. Dr. Ann E
Aust ? focused on the effects of fly ash, the particulate residue from coal-fired power
plants. Coal contains metals that vaporize during combustion and then solubilized from
fly ash within lung cells may cause toxic reactions.

The study confirmed that soluble extracts of coal fly ash generated reactive oxygen
species in vitro and that transition metals were likely responsible. "Further, the smallest
particles, which were rich in iron, were the most active."'* This means that more iron was
released from the smaller particles than from larger ones. The investigators then
examined the effects of coal fly ash on human lung epithelial (tissue-layered) cells in
culture. First, they demonstrated that coal fly ash particles entered the cells and

1% See Pope et al 2002

' The inorganic residue, that remains after pulverized coal is burned, is known as 'coal combustion byproducts' (CCB).
Fly Ash is the finely-divided CCB collected by electrostatic precipitators from the flue gases. Boiler slag and bottom
ash are the heavier and coarser coal combustion byproducts. The picture is from the Fly Ash resource Center Web site.

2 Fly Ash Center, Fly Ash Safety Sheet

13 Dr Ann E Aust of Utah State University, Logan UT. The complete report, Particle Characteristics Responsible for
Effects on Human Lung Epithelial Cells, can be requested from Health Effects Institute. AUST 110

' Aust et al Statement Synopsis of Research Report 110 Health Effects Institute
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stimulated synthesis of the protein ferritin. Ferritin binds iron and is produced in response
to increasing iron levels; thus, its presence indicates that iron was released intracellularly
and that iron was available to provoke an inflammatory response by forming reactive
oxygen species.

Latest Developments

Over the past decade, time-series studies conducted in many cities have contributed
information about the association between daily changes in concentrations of airborne
particulate matter (PM) and daily morbidity and mortality. In 2002, however,
investigators at Johns Hopkins University and at Health Canada identified issues in the
statistical model used in the majority of time-series studies. The authors suggested that
there was a problem with the statistical software package used to analyze the data,
because the convergence criteria might have been too loose. Consequently, the
Environmental Protection Agency asked the Health Effects Institute to review all the
studies using appropriate corrective measures. The Special Report details® the attempts
to address several questions raised by these discoveries.

The impact of using more appropriate statistical convergence criteria on the estimates of
PM effect in the revised analyses varied greatly across the studies. In some studies,
stricter convergence criteria had little impact, and in a few the impact was substantial. "In

no study were conclusions based on the original analyses changed in a meaningful way
by the use of stricter criteria."'®

In the European Community,
the debate accepts that 1. Major AQ Obijectives (1) %
particulate matter is harmful, Rl

Eurogean Commission - DG Emvranment
and is instead focused on how

to regulate particles in the size o The pollutants of greatest current concern
of 2.5 to 10 microns in urban

areas (see the European

are particulate matter, ozone and deposition

Commission Objectives to the o particulate matter causes premature deaths
right'’).  Furthermore, they o there does not appear to be any no-effects
recognize that the scientific threshold

studies have not been able to ]
find a lower limit of exposure o relevant metrics (PM10, PM2.5, nutaber of

under which they can observe particles) have yet to be decided
no health effects.

15 Special Report, Revised Analyses of Time-Series Studies of Air Pollution and Health; May 2003 Health Effects
Institute.

'6 Synopsis of a Special Report Revised Analyses ot Time-Series Studies of Air Pollution Health Effects Institute

17 Workshop in support of the Clean Air for Europe (CAFE) programme of DG ENV in Berlin, Germany, November 4-
6, 2002; Why the Coarse fraction of PM10 is important for air quality management.
Jacobi, Stefan European Commission, DG Environment, Briissel, Belgien
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PLANT OPERATION CONCERNS

The Mirant plant has the capacity to produce over 480 Megawatts of power a year.

Because of its proximity to Reagan National Airport, the smokestacks (chimneys) are
very short, unlike those of most coal-powered plants.

The inorganic residue, that remains after pulverized coal is burned, is known as 'coal
combustion byproducts' (CCB). Fly Ash is the finely dividled CCB collected by
electrostatic precipitators after the combustion process. Subsequently, hammers hit the
electrostatic precipitators to release the particulates. As the particulates fall, they are
sifted into the ash house silo, which are essentially huge vacuum cleaners that use fabric
filters (bags) to trap the particles. According to the Mirant plant’s consultant study, 29
tons per year of particulates are not captured by the bags and escape directly into
the atmosphere. With the addition of a second ash house silo, this number could be
reduced by 50%"%.

The operational sources of emission and residue from the plant can be summarized as
follows:

= Stacks/Chimneys

Primary and secondary particulates from burning up to 4800 tons
coal/day and 3800 tons/day on average.

=  Ash House Silos

The operation is not 100% effective since the Ash House silo bags
capture only particulates above a certain size. The fly ash captured

in the ash house silo requires 30-35 truck trips per day for removal
from the property.

= Coal Pile
Coal crushing and piling operations susceptible to wind currents.

18 This was disclosed at a meeting, August 15,2001 at the Mirant Plant, convened to discuss the
consultant’s study results. City staff was also present.
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CONCLUSION

As stated in the Introduction, we initiated this study in Spring 2001 to scientifically
determine the source of our neighborhood residue. Pursuing that answer, both the
Mitchell/Penn State and the Virginia Department of Environmental Quality analyses have
confirmed that a large part of the residue originates at the Mirant Potomac River power
plant. Further, the Levy et al., as well as studies in the Health Effects section, which are
encapsulated by the Pope et al/JAMA article, have established the hazardous health
effects associated with PMy.s emissions from power plants. In particular, the Levy study
provides quantitative information on 'the health impacts as well as benefits for

Alexandria’s Potomac River plant, if best available control technology (BACT) were
installed.

In conclusion, this scientific data validates and intensifies our original concerns regarding
the residue emanating from the power plant. The empirical research, collected over a two
and half year period, consistently demonstrates the health dangers and risks associated
with coal burning power plants. Furthermore, these health effects impact not only North

Old Town, but also the entire city. Therefore, remediation is needed to protect the health
of all Alexandria citizens.
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Fine Particulates”
What are fine particulates?

Particulates are airborne tiny solid or liquid droplets of many shapes and sizes that come
from a variety of sources. Some of these coarse particles - such as soot or smoke -- are
large or dark enough to be seen by the naked eye. They are referred to as PM-10 since
they are "particulate matter” 10 microns or smaller in size. These larger particulates are

emitted from roads, materials handling, crushing and grinding operations and include
wind borne dust.

Other particulates are so small they can only be seen with special microscopes. These
"fine" particles measure less than 2.5 microns in diameter -- PM-2.5 - and are about the
size of bacteria. These minuscule particulates are of particular concern since they can

become lodged deep into the lungs and typically contain greater amounts of toxic
substances than larger particulates.

A number of harmful substances have been found in PM; s

o Sulphates produced from sulphur dioxide emissions are acidic in nature, and may
react directly with our lungs.

« Elemental carbon produced during wood and engine combustion can pick up
cancer-causing chemicals like benzo(a)pyrene and give them a free ride into our
lungs.

o Hundreds of organic carbon compounds, besides benzo(a)pyrene, have been
identified in exhaust from vehicles, combustion processes and even meat-cooking
operations.

« Several studies have shown that toxic trace metals such as lead, cadmium and
nickel are more concentrated in PM, s than in bigger particulates.

Combusting fossil fuels such as coal, oil, diesel fuel or gasoline is the primary source of
fine particulate pollution. In particular old coal-fired power plants, industrial boilers,

diesel and gas-powered vehicles, as well as wood stoves, are the principal sources of fine
particulates.

From our lungs' point of view, bigger particulates are less harmful. Because of their
weight, particulates larger than 10 micrometers settle to the ground quickly. If we do
inhale them, they tend to collect in our throat and nose, and are eliminated from our body
by sneezing, coughing, nose blowing or through the digestive system.

19 Fine Particulates: What They Are and How They Affect Us Ministry of Water, Land and Air Protection, Government of British Columbia.
hitp/wlapwww.gov.be.ca/air/particulates/ fpwtaaht. html
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Particulates in the coarse fraction of PM, are removed in the upper respiratory system. In
other words, they don't travel very far into our lungs. They contain materials common to
the earth's crust and the ocean, reflecting the fact that natural sources such as windblown
dust and sea salt spray are big contributors to the coarse fraction.

Vegetation is another large natural source. Human activities that involve grinding or
pulverizing, such as mining, quarrying and cement manufacturing, are also important.
These particulates don't stay in the air too long, settling to the ground within a matter of a
few hours to a few days.

In contrast, particulates in the fine fraction (PM,s) can remain in the air for days to
weeks. They can penetrate especially deep into our lungs, collecting in the tiny air sacs
(called "alveoli") where oxygen enters the bloodstream. As a result, they can cause
breathing difficulties and sometimes permanent lung damage.
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MERCURY?”

Although not part of the study, mercury emissions are becoming a greater concern
associated with coal plants. Hence, this section is included for general informative
purposes. '

Mercury is present in trace amounts in coal and is released as a gas when coal is
combusted. Growing concern over potential environmental effects of mercury is reflected
by the move towards establishing emissions limits for sources such as coal combustion.
For example, according to the International Energy Agency (IEA), mercury controls will
be a legal requirement for many coal-fired plants in the USA by 2007.

Recent data from the Information Collection Request carried out in the USA have
resulted in an increase in the understanding of mercury behavior in coal-fired systems.
The retention of mercury within a coal-fired power plant depends largely upon its
oxidation state. Soluble oxidized mercury is controlled with existing pollution control
technologies such as bag houses, electrostatic precipitators (ESP) and flue gas
desulferization (FGD) systems. Insoluble elemental mercury passes through the plant
largely uncaptured. Chlorine and other flue gases can play a major role in the mercury
oxidation state. There appears to be a strong relationship between coal type and mercury
oxidation. In general, US bituminous coals produce more mercury in the oxidized state
than sub-bituminous coals and lignite.

Average mercury removal across various poliution control devices for different coal ranks
Centred davico Tempemturz,  Bilumincus onal Subkitumincus oval  Lignitz All coals
C Hg remesad data”  Hg remeval  data” Hg remewal data’
Cacbd sich ESP 117D SR o 12% 4 47% 1 426 W
Het sid2 ESP 2300100 7% 3 @5 2 20% 3
Boghouss 13179 5% 7 % 2 58%, 1 82% 10
Wiel sarubbers 1301 26% 2
WVt FGD v cobl ESP ARUN O 517 7 27% 3 48%, J4 45% W
Wit FGD ¢ bt ESP 13179 35k 3 3% 3
Wit FGD ¢ baghouss 13179 73% 2 73% 2
Wl FGD ¢ et scnubler 12170 12% 1 182 2 16% 3
Spry dry FGD + ESP 12179 53% 2 53% 2
Sprv dry FGD *+ baghouse 1300170 PR 5 22% 2 23" 3 53%. W
number of plants studi<d IEA Coal Rescarch

“Existing pollution control systems can remove up to 90% of the incoming coal’s
mercury content in some cases but very little in others”. Furthermore, the coal type is

more important than the type of particulate control system or the type of FGD system
with respect to mercury control.

% Mercury — emissions and control International Energy Agency .
[EA Coal Research is a collaborative project of member countries of the International Energy Agency (IEA) to provide
information about and analysis of coal technology, supply and use. The service is governed by representatives of ten

countries (Austria, Canada, Denmark, ltaly, Japan, the Netherlands, Poland, Sweden, the United Kingdom and the
USA) and the European Commission.
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Executive Summary

The Influence of Population Heterogeneity on Air Pollution Risk Assessment: A
Case Study of Power Plants Near Washington, DC

Jonathan L. Levy, Susan L. Greco, John D. Spengler
Harvard School of Public Health, Department of Environmental Health, Landmark
Center, P. O. Box 15677, Boston, MA 02215

BACKGROUND

In previous investigations, we evaluated the health benefits of potential emission
reductions from fossil-fueled power plants in Massachusetts and Illinois that had been
“grandfathered” under the Clean Air Act. The basic analytical framework involved using
a long-range atmospheric dispersioﬁ model to estimate the effects of emissions on
ambient concentrations and using epidemiological findings to quantify the health effects
associated with concentration changes. In this study, we have applied our analytical
framework to five power plants near Washington, DC, with a focus on the potential
importance of differences in population characteristics. Past analyses assumed that all
individuals within age groups were equally likely to experience health effects, although
that is unlikely to be the case given differences in susceptibility related to health status,
income, race, or other factors.

We selected all grandfathered power plants located within a 50 mile (80 km)
radius of Washington, DC, resulting in the choice of five facilities - Benning, Chalk
Point, Dickerson, Possum Point, and Potomac River. For our case study, we addressed
the question of the health benefits that would have been obtained in 1999 had emission
rates commensurate with Best Available Control Technology been required at that time.

Because of ongoing modifications at Possum Point and general electricity consumption




trends, the estimates we provide are not identical to the future benefits that would be
obtained through regulation.

For our model, we focus exclusively on the health benefits associated with
reductions in fine particulate matter (PMa.s) concentrations. Thus, we quantify direct
emissions of PMa s (known as primary particles) as well as sulfur dioxide (SO2) and
nitrogen oxides (NOx), which form fine particles over time in the atmosphere. Most
proposed and pending regulations for older power plants consider SO, and NOx but do
not directly address primary particles. Any benefits associated with reductions of ozone,
mercury, greenhouse gases, acid precipitation, or ecological or visibility endpoints were
not included in our calculations.

Assuming that these plants moved from actual 1999 emissions to lower target
levels (0.3 It/MMBTU of SO:, 0.15 I/MMBTU of NOx, and 0.01 1t/MMBTU of PM,0),
we estimated the corresponding concentration reductions at pqints within 400 km of
Washington, DC. Our past work has shown that this captures a significant portion of the
total effects without overextending the capabilities of our dispersion model. Our model

region included 47 million people and is shown below:
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As previously, we used the CALPUFF atmospheric dispersion model to estimate
the reduced pollution exposure within the defined region. This model considers detailed
meteorological patterns and chemical transformations of the pollutants, along with
characteristics of the power plants. Our past work has shown that CALPUFF provides
exposure estimates that are similar to values from earlier investigations and are relatively
insensitive to changes in model assumptions.

For our health benefit estimates, we considered three endpoints — premature
mortality, cardiovascular hospital admissions for the elderly, and asthma emergency
room visits for children — which have been linked with air pollution and for which
population heterogeneity might be important. This is not meant to provide a
comprehensive list of health benefits, but rather to yield some illustrative estimates.

For each health endpoint, we surveyed the epidemiological literature to estimate
the relationship between concentration changes and health effects and to evaluate
whether this relationship depends on health status or demographic factors. We also
looked at differences in background rates of disease and health care utilization, which
would influence the total number of health outcomes in different groups.

We took our baseline estimate of premature mortality risk from the Health Effects
Institute reanalysis of the American Cancer Society prospective cohort study, which
found a significant association between long-term PM 5 exposure and mortality rates.
This study also found a stronger association for people with lower educational
attainment. This fact was coupled with evidence that people of lower educational
attainment are at greater risk for premature mortality from all causes. For cardiovascular

hospital admissions, the relationship was derived from a number of published studies, and




we investigated the influence of diabetic status on both the percentage increase in
admissions per unit concentration and the baseline risk of an admission. Similarly, our
concentration-response function for asthma emergency room visits was taken from a

combination of studies, and we explored racial differences in asthma emergency room

visit patterns.

MAJOR FINDINGS

When we considered all five power plants together, the emission reductions led to
annual average PMa s (primary plus secondary) concentration reductions ranging from
0.009-0.9 pg/m’ in our receptor region (compared with ambient levels of approximately
14-18 ;.Lg/m3). As indicated in the figure below, concentrations peaked closer to the plant
and decreased more rapidly with distance for primary particles than for sulfates or
nitrates. On an annual average basis, concentration peaks were within 20 km of the
source for all pollutants and power plants.

Primary PMa s Secondary PM: 5
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Given the estimated air pollution benefits, our central estimate is that emission
controls would result in 230 fewer deaths per year in the modeled region (decreasing
from 310 deaths per year given actual emissions to 80 given lower target emissions).
Assuming equal particle toxicity, 63% of these benefits are due to secondary sulfates,
with 19% due to secondary nitrates. The distribution of the benefits by power plant,
pollutant, and affected population is given in the following table (estimates presented to

two significant figures):

Baseline model Full susceptibility model
(no stratification) (education-stratified relative risk
and baseline mortality)

Total mortality benefits 230 fewer deaths/yr 240 fewer deaths/yr

Primary PM 42 43
Secondary PM 190 200
Less than high school 58 130
education
Within 50 km 34 30
Plant-specific benefits
Benning 2 2
Chalk Point 91 98
Dickerson 47 50
Possum Point 44 46
Potomac River 44 45

This table indicates that accounting for educational attainment would not have a
large influence on the total benefits, but would inform our understanding of who is most
affected by air pollution and would therefore benefit most from controls. Under the
susceptibility model, more than half of the benefits accrue among the 25% of individuals

with less than a high school education. Although the broad geographic patterns are




affected minimally, benefits at the census tract level change by as much as a factor of
three when we incorporate educational attainment into the model.

We also estimate annual benefits of approximately 60 fewer cardiovascular
hospital admissions in the elderly (decreasing from 80 to 20) and 140 fewer asthma
emergency room Visits in children using our baseline model (decreasing from 180 to 40).
As above, accounting for population characteristics does not change these values
significantly but has a dramatic influence on the affected individuals. In our susceptibility
model, diabetic individuals represent 13% of the elderly population but receive 54% of
the cardiovascular hospital admission benefits. African-American children comprise 21%
of the at-risk population for asthma-related emergency room visits but receive 64% of the

benefits of emission controls when differences in health care utilization patterns are

acknowledged.

DISCUSSION AND IMPLICATIONS

Our study illustrates that emission reductions at a small set of power plants can
provide tangible public health benefits, by providing small but quantifiable concentration
reductions over a large geographic area. According to our best estimates, if emissions
from five power plants in the Washington, DC area were reduced to levels achievable

through current technology, over 200 fewer premature deaths per year would occur, along

<
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with 60 fewer cardiovascular hospital admissions in the elderly, 140 fewer asthma
emergency room visits for children, and numerous other morbidity outcomes not
quantified within our study. The magnitude of the benefits is in agreement with our past

modeling efforts and estimates provided by other investigators.




In this study, we focused on the question of whether our benefit estimates would
differ if we accounted for differences in susceptibility. We concluded that the magnitude
and broad geograbhic distribution of benefits would not change significantly but that
small-scale patterns and demographic differences would be substantially affected. For
each health outcome, our model identified subpopulations that comprised a relatively
small percentage of the population but provided more than half of the health benefits —
individuals with less than high school education for mortality, diabetics for
cardiovascular hospital admissions, and African-Americans for asthma emergency room
visits. In all cases, individuals with lower socioeconomic status were disproportionately
affected by air pollution and received a disproportionate share of the benefits of controls.

There are clearly multiple uncertainties in these conclusions, related to underlying
uncertainties in our analytical model. We quantified many of these uncertainties in
previous reports, but do not include them in the current study for brevity’s sake.
Previously, we illustrated that key CALPUFF assumptions (such as the incorporation of
wet and dry deposition, chemical conversion mechanism, and size of the receptor region)
had relatively small influences on the overall conclusions of the analysis. Broad questions
about the applicability of CALPUFF can be raised, but the general concordance between
our findings and those from other models supports a lack of substantial modeling bias.

For the epidemiological evidence, there are numerous uncertainties related to the

-
o

magnitude of the relationship between concentrations and health effects, including issues
of relative toxicity and the believability of the cohort mortality evidence. The estimates
reported in this study represent plausible central estimates, but alternative assumptions

could lead to substantially higher or lower benefit estimates. Finally, our susceptibility




models are based on the assumption that national trends hold for our selected geographic
area and represent a static causal relationship. While this assumption undoubtedly
contributes some uﬁcertainty, the general correspondence between low socioeconomic
status and health is indisputable, and the susceptibility calculations are meant to be
illustrative.

In summary, we have applied models validated in past investigations to develop a
tool that can be used by policymakers to evaluate the benefits of control options. The
findings from this investigation are meant as an input to the decision process, providing
both quantitative measures of health benefits and qualitative descriptions of the
characteristics of the individuals likely affected. Clearly, to draw conclusions about
policy decisions, one would need to combine our health benefit estimates with control
costs and other information. At a minimum, a comprehensive evaluation would need to
consider economic implications of controls on producers and consumers, changes in
production efficiency and plant utilization, and impacts of additional air and water
pollutants (including upstream emissions). However, our study provides quantitative
estimates of a subset of health benefits of emission controls, which can be combined with

other pieces of evidence to inform air pollution control strategies.
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Health Impacts of Air Pollution from Washington DC Area Power Plants

SUMMARY

For more than three decades, the nation’s oldest and examined the health impacts of fine particulate matter
dirtiest power plants have avoided meeting tighter air released by power plants near Washington DC. The
pollution standards that new plants must meet. Power study by Jonathan Levy, Susan Greco, and John
plants release a number of air pollutants, including Spengler examined five power plants: Benning, Chalk
soot-like particles known as fine particulate matter. Point, Dickerson, Possum Point, and Potomac River.
Researchers at the Harvard School of Public Health The key findings include:

« Over 250 deaths per year are linked to fine particulate matter from the five plants.
Approximately 20 of these deaths are estimated to occur in Washington DC, 40 in
Virginia, 60 in Maryland with the remainder occurring in nearby states. The
impacts vary based upon the plant's size and proximity to population. Chalk
Point was estimated to have the largest impact (about 100 deaths per year).

« If the five plants used readily available pollution control equipment,
approximately 75% of the current deaths, asthma attacks, emergency room visits,
and hospitalizations could be avoided.

« Disadvantaged groups are especially vulnerable to air pollution. Disadvantaged
groups are more impacted from the five plants’ emissions and receive more
benefits from reducing their pollution than the population as a whole.

- Although only 25% of the population studied has less than a high school
education, this group suffers about half of the mortality impacts attributed
to the plants.

- While 21% of the population of children studied are African-American,
they account for more than half of the incidents of pediatric asthma related
emergency room visits attributed to the plants' emissions.

- Diabetics comprised only 13% of the elderly population studied, yet they
account for more than half of the incidents in elderly cardiovascular

hospital admission reductions attributed to the plants.

Requiring power plants to reduce air pollution would significant, and vulnerable groups bear a disporpotiante
yield tremendous improvements in air quality and risk. All power plants must meet modern emission
public health. Local impacts of power plants are standards.

INTRODUCTION

Aging power plants are among the nation’s
largest sources of air pollution. In 1999, they
contributed almost 68% of the sulfur dioxide and
23% of the nitrogen oxide emitted in the United
States according to USEPA data.

When Congress amended the Clean Air Act in 1970 and
1977, older power plants-- many built in the 1950’s,
1960’s, and 1970’s, -- were exempted from the most
stringent emission standards. It was assumed that these
plants would close soon and be replaced with cleaner,




2 Health Impacts of Air Pollution -continued

newer plants. But few of these plants closed, and today
these older plants produce the bulk of the nation’s
electricity.

In 1996, researchers at the Harvard School of Public
Health began a series of studies aimed at estimating the
health impacts of air pollution from specific power
plants. The principal authors of these studies, Jonathan
Levy and Jack Spengler, examined impacts such as
deaths, hospitalizations, asthma attacks, and other
serious health outcomes. The Levy and Spengler
studies generally focused on only one of many air
pollutants from power plants-- fine particulate matter.
Fine particulate matter (PM2.5) is composed of small
soot-like particles that are a fraction of the width of a

RESULTS

The Harvard researchers examined five fossil-fuel
power plants within 50 miles of Washington DC. These
plants-- Benning, Chalk Point, Dickerson, Possum
Point, and Potomac River-- burn coal as their primary
fuel, with some burning oil as well. Possum Point is

human hair. Fine particles can be directly emitted by
power plants, but most form downwind as sulfur dioxide
and nitrogen oxide gases react with ammonia to form
sulfate and nitrate particles.

Levy and Spengler took the results from previous
studies of air pollution health effects and combined
them with the results of computer models that estimate
pollution concentrations due to the emissions from each
power plant. From this information, they were able to
predict health impacts of each power plant they studied.
Their earlier work was supported by Toyko Gas and
Owens Corning, and their most recent studies were
supported by the Clean Air Task Force with a grant from
the Pew Charitable Trusts.

undergoing modifications to convert some units to burn
natural gas, which will lower its emissions. The plants
range in size from 480 MW to over 2200 MW. Their
location is shown in Figure 1.

FIGURE 1

Power Plants in the D.C. Metro Area

Dickerson

Potomac River

Possum Paint

Impacts on the General Population
The five plants together contribute a maximum of 1.4
micrograms per cubic meter of fine particulate matter on

an annual basis to the region around the plants. As
shown in Figure 2, the concentrations from all plans
combined peaked fairly close to the cluster of the plants.




3 Health Impacts of Air Pollution—continued

FIGURE 2

Five Power Plants, total PM.5 (primary plus
secondary), current impacts (ug/m3, annual average):

2. 1
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Levy, Greco, and Spengler attribute over 250 deaths per
year to the five plants based on their emissions in 1999.
Approximately 20 of these deaths occur in Washington
DC, 40 in Virginia, and 60 in Maryland. The Harvard
researchers also calculate that each year, these five plants
trigger approximately:

If the plants were to cut their sulfur dioxide and nitrogen
oxide emissions to levels that can be achieved using
readily available pollution controls, approximately 75% of
the deaths and disease attributed to the five plants could
be avoided. Table 1 summarizes the health impacts for
each plant for both current conditions and the benefits if
the plants emitted less pollution, using the estimates from

* 20,000 asthma attacks, Levy et al. that do not consider differential effects on
* 4,000 emergency room visits, and disadvantaged populations. These impacts are in a study
« 300 hospitalizations. area covering about 47 million people within a 250 mile
radius of the plants.
TABLE 1
Attributed Plant Impacts and Benefits
Emergency Room
Premature Deaths  Hospital Admissions Visitis Asthma Attacks
IR AR Hospital Asthma
; Admissions ~ Attacks
Prevented by Prevented by
Current Reduced Current Reduced
Impacts  Emissions Impacts  Emissions
Benning 3 1 180 99
Chalk Point 110 82 7,400 5,700
Dickerson 53 43 3,700 3,000
Possum Point 1 57 44 3,900 3,000
Potomac River & 66 43 4,600 3,000
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Impacts on Vulnerable Groups

Previous studies have shown that some groups are more study changed the baseline model's homogeneous
vulnerable to air pollution than others. For example, population assumption to account for differences in
people with lower education may be at higher risk from population characteristics. Specifically, the study looked
dying because of air pollution exposure. To better more closely at a several specific health impacts and how

understand how the burden of these impacts are borne by they affect three key groups:
groups who are especially vulnerable to air pollution, the

*  Mortality and how deaths are distributed by educational level. Educational attainment is a
surrogate measure for a number of factors that influence mortality such as economic status,
early childhood health, and supportive networks of family and friends.

e Pediatric asthma emergency room visits and how these visits are distributed among African-
American children. African-Americans are at higher risk for asthma and for having episodes
that require use of the emergency room than the general population as a whole.

e Cardiovascular hospital admissions among the elderly and how these admissions are
distributed among the elderly who have diabetes. Diabetics are at higher risk for heart
disease and hospital admissions when compared to the general population.

Accounting for susceptible groups did not significantly distribution of who was harmed and who benefited if
change the total quantity of damage, but did impact the emissions from the plants are reduced.

« Although only 25% of the population studied have less than a high school education,
this group suffers about half of the mortality impacts and receives about half the
benefits in lives saved when emissions are reduced using readily available pollution
controls.

« While 21% of the population of children studied are African-American, they account
for about 64% of the pediatric asthma related emergency room visits when emissions
are reduced using readily available pollution controls, and about the same percentage
of the visits attributed to current power plant emissions.

« While diabetics comprised only 13% of the elderly population studied, they account
for about 54% of the cardiovacular hospital admission benefits when emissions are
reduced using readily available pollution controls, and about the same percentage of

the admissions attributed to current power plant emissions.

Table 2 summarizes the estimates from the Levy et al.
study when they used information on vulnerable groups.
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TABLE 2

Distribution of Attributed Impacts and Benefits on
Vulnerable Groups

Current Benefits Vulnerable Groups
Impacts from
Reduced
Emissions
Mortality 310 230 Although only 25% of the
population studied have less than a
high school education, this group
gets half of the mortality impacts
and benefits.
Pediatric 210 150 While 21% of the population of
Asthma children are African-American, they
Emergency receive 64% of the impacts and
Room Visits benefits in pediatric asthma related
. emergency room visits.
Cardiovascular .80 60 While diabetics comprised only
Hospital 13% of the elderly population, they
Admissions accounted for about 54% of the
among the impacts and benefits in
elderly

cardiovascular hospital admissions.

STUDY DESIGN

Over the last decade, a growing body of scientific studies
has linked current levels of soot in our air to death and
disease. These studies tracked thousands of people in
cities across the nation who were exposed to different
levels of soot in their air. By factoring out differences
such as age, smoking, and occupation, these studies
establish that people who live in areas with polluted air
suffer greater health damage than people who live in areas
with cleaner air.

Levy, Greco, and Spengler used these studies to
determine how the risk of health damage varies as fine
particle concentration changes in the air. Then using state-
of-the art computer models, the Harvard researchers
estimated the concentration of particulate pollution at
ground-level from specific power plants on an annual
basis. They calculated the number of deaths,
hospitalizations, asthma attacks and other serious health
impacts attributable to these plants by combining:

* Fine particulate matter concentration at ground level derived from computer modeling.
* Health risk associated with fine particulate matter concentration
* Census data showing the number people exposed in the region around the plants.

Levy, Greco, and Spengler examined the health impacts
attributable to these plants under two emissions scenarios:
1) current emissions (1999), and 2) a hypothetical case
assuming the plants were to reduce emissions by applying
Best Available Control Technology. This second scenario
assumed the plants reduced emissions to sulfur dioxide
emissions down to .3 Ib/MMBTU, nitrogen oxide

emissions down to .15 Ib/MMBTU, and .01 I6/MMBTU
of PM10. Table 3 summarizes the characteristics of the
plants. The Harvard researchers estimated the number of
deaths, hospital admissions, emergency room visits and
asthma attacks for each plant in each scenario. They
considered the impacts of differences among the
populations. First, the impacts on the population as a




6 Health Impacts of Air Pollution--continued

whole were estimated assuming the population was study evaluated three cases: 1) Mortality and how deaths
homogeneous. However, some groups of people within are distributed by educational level, 2) Pediatric asthma
the general population are especially vulnerable to air emergency room visits and how these visits are distributed
pollution’s effects. These people could bear a greater among African-American children, and 3) Cardiovascular
share of power plant health impacts. Next the study hospital admissions among the elderly and how these
considered heterogeneity by looking at a subset of admissions are distributed among the elderly who have

damages and how they impacted vulnerable groups. The  diabetes.

TABLE 3

Plant Characteristics

Plant Current Owner 1. Capacity SO SO: Rate NOx NOx Rate
(MW) 1. 1999 1999 1999 1999
(tons)2.  (Ib/MMBTU) (tons)2. (Ib/MMBTU)
2. 2.
Benning Potomac Power Resources 550 1,432 0.87 447 0.27
Chalk Point Mirant Corp 2283 57,634 1.30 6,084 0.14
Dickerson Mirant Corp 1178 30,641 1.72 10,956 0.62
Possum Point  Virginia Electric Power 1251 19,497 1.35 5116 0.35
Potomac River Mirant Corp 480 17,627 1.10 6,893 0.43

1. United States. Energy Information Administration. Form 767. Spring 2002 <http://www.eia.doe.gov/>
2. United States. Environmental Protection Agency. CEMS data in Acid Raid Scorecard. Spring 2002
<http://epa.gov/airmarkets/emissions/score00/index.html>. Table B1
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The Importance of Population Susceptibility for Air Pollution Risk
Assessment: A Case Study of Power Plants Near Washington, DC

Jonathan I. Levy, Susan L. Greco, and John D. Spengler

Department of Environmental Health, Harvard School of Public Health, Boston, Massachusetts, USA

In evaluating risks from air pollution, haalth impact assessments often focus on the magnitude of
the impacts without explicitly considering the distribution of impacts across subpopulations. In
this study, we constructed 2 moddl to estimate the magnitude and distribution of hcalth benefits
associated with emission controls at five older power plants in the Washington, DC, arca. We
used the CALPUFF atmospheric dispersion model to determine the primary and sccondary fine-
particulate-matter (< 2.5 pm in acrodynamic diameter) concentration reductions associated with
the hypothetical application of “Best Available Control Technology™ to the sclected power plants.
We combined these concentration reductions with concentration—response functions for moruality
and sclected morbidity outcomes, using a conventional approach as well as considering susceptible
subpopulations. Incorporating susceptibility had 2 minimal cffect on total benefits, with central
estimates of approximatcly 240 fewer prematurc deaths, 60 fewer cardiovascular hospital admis-
sions (CHA), and 160 fewer pediatric asthma emergency room visits (ERV) per year. However,
because individuals with lower education appear to have both higher background morulity rates
and higher relative risks for air-pollution-related mortality, stratifying by educational atainment
implics that 51% of the mortality benefits accrue among the 25% of the population with less than
high schoal education. Similarly, diabetics and African Americans bear disproportionate sharcs of
the CHA and ERV benefits, respectively. Although our ability to chamcterize subpopulations is
constrained by the available information, our analysis demonstrates that incorporation of suscepti-
bility information significantly affects demographic and geographic patterns of health bencfits and
enhances our understanding of individuals likely to bencfit from cmission controls. Key words:
asthma emergency department visits, ardiovascular hospital admissions, diabetes, educaton, mor-

ulity, pacticulate matter, power plant, risk asscssment, susceptibility. Environ Ilealth Perspect
110:1253-1260 (2002). [Online 29 October 2002]
hetp:lehpnetI.nichs.nih.gov/docs/2002/110p1 253-1260lcvylabstract.heml

The issue of subpopulation suscepribilicy to
fine particulace mateer (< 2.5 pm in acrody-
namic diameter; PM,;) has been given
increased attention by researchers in recent
years, motivated in part by the research priori-
ties articulated by the National Academy of
Sciences (7). Understanding patterns of suscep-
dbilicy not only would help identify and pro-
tect sensitive subpopulations, but also would
contribute to the understanding of mechanisms
by which PM,; might influence human healch.

Often, air polludion policies are informed
by risk assessments or benefie—cost analyses,
which generally focus on the total health ben-
efits of alternative emission control strategies
(2-5). Because relevant suscepribility evi-

dence is limited, differential effects on suscep-

tible subpopulations are rarely incorporated.
Typically, the same relative risks are applied
to all individuals in an “at-risk” age group,
and bascline rates of disease ot healch care use
are assumed to be uniform across large geo-
graphic areas (often national averages).
However, it is likely that the effects of air
polludion vary widely across subpopulations,
depending on demographics, behavior pattems,
income, access to health care, and other factors.
Differences could exis eicher in relative risks (if
an increment of air polludon yields a different
percentuge increase in different populadons) or

in absolute risks (if there are differences in base-
line disease patterns by subpopulation, inde-
pendent of air pollution). For a benefits
assessment, if policy makers were concerned
about distributonal issues or if the uldmate val-
uation of benefits depended on population
characteristics, the incorporadon of susceptibil-
ity could potendally influence the conclusions.

One current policy issue for which infor-
mation on susceptibility could be influential is
the regulation of emissions from older power
plants. To dare, older power plants have not
been required to meet the same conwol require-
ments as new sources, helping to extend the
useful lifetime of older facilides (6-8). These
facilities contribuce a substantial fraction of
narional power sector emissions. In 1999, coal-
fired power planes coneributed approximately
86% of nitrogen oxide (NO,) emissions and
93% of sulfur dioxide emissions from the util-
ity sector, largely from facilities exempred from
new source standards (9.

At the dme chis artcle was writcen (2001),
several states (including Massachusetts,
Connecticut, and Texas) had incroduced mul-
tpollutanc regulations or legislation to require
older power plants to meet emission levels
commensurate wich the application of “Best
Available Control Technology” (BACT; tech-
nology required under the Clean Air Act for

Environmental Health Perspectives + voume 110 | numger 12 | December 2002

new or modified sources in atcainment areas).
Pollutanes considered typically included NO,
and SO,, as well as mercury and carbon diox-
ide. Multipollutant power plant legislation
was also being debated at the federal level, but
no bills or reguladions had been passed at the
time of our analysis.

From both a state and a federal perspec-
tive, the question of how the benefits of emis-
sion controls would be distributed could be
important. Policy makers may be concerned
about providing benefis to high-risk commu-
nities, communities near power plants, or
other subpopulations. If these questions are
important, population susceptibility could
influence the policy choices (e.g., emission
trading vs. mandatory on-site controls).

In this article, we develop a model to esti-
mate the health benefits associated with emis-
sion reductions at older fossil-fueled power
plants. We focus on both primary PM.s and
secondary sulface and nitrate particles formed
through emissions of SO, and NO,. Here we
consider a case study of all older power plants
located wichin a 50-mile (80-km) radius of
Washington, DC. We calculated three health
end points—premature mortality, cardiovas-
cular hospital admissions (CHA) in che
clderly, and pediatric asthma emergency
room visits (ERV)—both using conventional
assumptions and then considering available
evidence for differendal effects on susceptible
subpopulations. Our goal was both to quan-
tify the health benefics associared with the
implementation of BACT ac the selected
power plants and to consider whether intro-
duction of susceptibilicy models might affect
the interprecation of our findings.

Case Study Setting

For this analysis, our goal was to select a geo-
graphic area that had multiple older power
plants nearby and geographic heterogeneity in
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factors that mighe influence relative risks,
baseline health sutus, or health care use (e.g.,
socioeconomic status). Washington, DC, and
its surrounding suburbs provide an example
of such a region. According to 1990 U.S.
Census data (10), median houschold income
in Washington, DC, ranged from less than
$10,000 to more cthan $150,000 across cen-
sus tracts. Washington, DG, is also quite
racially divided, with few African Americans
residing in the western half of the city and
mostly African Americans residing in the east-
ern half of the city.

In addition, within a 50-mile (80-km)
radius of Washingron, DC, there are five fos-
sil-fueled power plants grandfathered under
the Clean Air Acc—Benning, Chalk Poine,
Dickerson, Possum Point, and Potomac
River (Table 1). The choice of these five
power plants is somewhat artificial because
any single regulation would not affect only
these plants. However, our analysis is meant
to be illustrative, and chese five plants are
likely che greatest contributors to heterogene-
ity in power-plant—related exposures in the
arca. Inclusion of additional power plants
would increase the total benefits but decrease
the relative concentradion gradient across the

Washington, DC, area.

Methods

To quantify the magnitude and distribudion
of health benefits, we estimated the emission
reductions of key pollutants, applied an
atmospheric dispersion model to determine
incremental concentradion reductions, and
derived concentration-response functions.
Any such analysis involves numerous bound-
ary decisions and contains substandial uncer-
tainties. In chis article, we focus largely on
issues related to susceptible subpopulations
and che resulting implications. We do not
extensively address the complexities of ocher
elements of the model, nor do we provide a
formal analysis of uncertainties. We also do
not consider the economic valuation dimen-
sion of a benefics assessmenc. Additional
information about parametric unceruinties in
our atmospheric model (4, 71) and issues
related to differential particle toxicity or alter-
native interpretations of the health evidence
(4) can be found elsewhere.

Quantification of emissions. We esti-
maced emissions of PM, 5 and its precursors
(NO, and SO,) following the model structure
in our earlier analyses (4 11) and supported
by the fact that PM, 5 has dominated aggre-
gate benefits in past air pollution risk assess-
menes (2,3). This omits any benefics
associated with ozone, air toxics, or other
impact pathways from the power sector. Of
note, most proposed regulations consider
NO, and SO; but do nor directly require
concrols for primary PM, 5 (although many
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NO, and SO, control strategies would affect
primary PM,;).

We used 1999 as the base year for our
analysis, evaluating the concentration and
health benefits that would have been obtained
had lower target emission rates been achieved.
This is not identical to the future benefics
that might be obeined through pending reg-
ulation, because some facilities have ongoing
or near-term plans for repowering or emission
controls.

Emissions of SO; and NO, were taken
from the 1999 acid rain program emissions
scorecard from the U.S. Environmental
Protection Agency (EPA) (12). To capture
seasonality in emissions, we incorporated
quarcerly average emission rates when
reported. When no data on scasonal emis-
sions were available, we assumed constant
emissions per unit of heat input. For filterable
PM,5, total plant emissions were taken from
che U.S. EPA Nacional Emission Trends
dacabase (13). We estimated condensable
PM, 5 emissions given fuel type and sulfur
content, using AP-42 air polludon emission
factors from the U.S. EPA (14).

We selected lower target emissions to cot-
respond to the levels proposed in multiple
regulations, which correspond to che applica-
tion of BACT. This resulted in targer emis-
sion rates of 0.3 Ib/MMBTU (million Bridsh
thermal unics) of SO,, 0.15 Ib/MMBTU of
NO,, and 0.01 Ib/MMBTU of filterable par-
tculate marccer. Lower target condensable par-
ticulate emissions were taken from AP-42,
given assumed application of control tech-
nologies. Because both Dickerson and
Benning power plants have actual filcerable
PM, 5 emissions less chan the lower target
rate, we set the lower target filterable PM, 5
emission rate equal to actual emissions for
chese plants.

Atmospheric modeling. We established a
receptor grid covering a 400-km (250-mile)
radius around Washingron, DC (centered at
38.9°N, 77°W), to caprure a significant frac-
tion of tocal benefits without extending the
dispersion modeling boundaries excessively
(Figure 1). Because of our focus on spatial
patterns, it was important to determine
concentration reductions at small geographic

scales close to the sources. We selected census
traces within 100 km of Washingron, DC,
because they are relatively small (generally
berween 2,500 and 8,000 people) and were
theoretically designed to be sociocconomi-
cally homogeneous. Beyond 100 ke, we used
county-level resolution, resulting in a nested
receptor grid with 1,908 receprors. Using
1990 Census data (10) (the most recent data
available at the time of our study), our recep-
tor grid contained 47 million individuals, 7
million of whom live within 100 km of
Woashington, DC.

We conducted our atmospheric modeling
using CALPUFF (CALMET version 5.2
0006022, CALPUFF version 5.4-000602-1,
CALPOST version 5.2 991104b; Earth Tech,
Concord, MA). CALPUFF is a regional-scale
Lagrangian puff model that has been recom-
mended by the U.S. EPA for long-range
transport modeling (15), given that it has
been shown to be relatively unbiased at dis-
tances out to 200 km (I6). In general, limica-
tons in the atmospheric chemistry make the
secondary pollutanc estimaces relacively more
uncertain than the primary PM; 5 estimates,
given the nonlinearities associated with sul-
fate and nitrate formaton.

Our mechodology to generate metcoro-
logic files for CALMET was similar to che
approach in our past applications and is
described in depth elsewherc (4, 11). We com-
bined National Oceanic and Atmospheric
Administracion (NOAA) prognostic model
outputs with mesoscale data assimilation sys-
tems for each hour across our case study year
(January 1999-January 2000). This involved
combining lower-resolution upper air data
(40-km grid spacing) generated through
NOAA’s Rapid Update Cycle (RUC2)
model (77) wich Aviation Routine Weacher
Report (METAR) surface observacions and
cloud cover daca available at 15 km resolu-
tion (18). These data sources were combined
using the Advanced Regional Prediction
System (ARPS) Daca Assimilation System
(ADAS) and provided hourly CALMET
windfields within eight vertical layers.
Precipitation data were taken from all
National Climacic Data Center stations
within the receptor region, with CALMET

Table 1. Characteristics of five power plants in Washington, DC, case study (1999 data).

Passum Potomac
Characteristics Benning Chalk Point Dickerson Paint River
Initial year of commercial operation 1968 1964 1959 1948 1949
Nameplate capacity (megawatts) 580 2,046 588 1373 514
Heat input (MMBTU) 3.304,107 85,352274 33,592,811 28,930,805 32,100,184
Emissions, tans (% per quarter)
S0, 1432 57,630 30637 19.497 17,627

(2.21.76.2) (21,25,31.23) (30,17.34,18) (24.22,32,23) (22.28.29. 21)

NO, 447

25222

10.709 5.116 6.893

(2.22.74.1) (20,24,30.26) (30,17,34.18) (25,22.32.21) (21.28. 30, 21)

PM;s 12

304

14 156 106

(2.22.74.2) (21.27.33.20) (30.17.34,18) (23,20.37,20) (21,28,29.22)
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defaults used for interpolation between sta-
tons. The primary difference from our previ-
ous applications was the inclusion of 50
evenly spaced “soundings”™ based on columns
of the ADAS data, to more accurately provide
a reasonable high-resoludon temperature field
and subsequent planctary boundary-layer
depth estimates.

In CALPUFF, we adopted recommended
modeling assumptions that were used in our
past applications (4,11). We used the
MESOPUEFF II chemical transformation
mechanism, which is generally preferred in
urban settings. Wet and dry deposition were
incorporated using precipitation data and
CALPUFF default deposition rates. Hourly
background ozone concentrations were taken
from five U.S. EPA Clean Air Stacus and
Trends Network (CASTNET) stacions
spaced throughout our receptor region
(Prince George’s County, MD; Mercer
County, NJ; Elk County, PA; Prince Edward
Coungy, VA; Gilmer Councy, WV), and we
assumed a background ammonia concentra-
don of 1 ppb.

For brevity’s sake, in this article we do
not provide sensitivity or uncertainty analy-
ses for our atmospheric modeling. In our
past analyses (4, /1), we found total benefits
to be reasonably stable given single paramer-
ric changes in CALPUFF, including the
chemical conversion mechanism, background

ammonia concentration, and treatmenc of
wet and dry deposition. In addition, we con-
cluded that any bias associated with either
hypothetical CALPUFF overestimation
beyond 200 km or exclusion of long-range
exposures is relatively small in comparison
with other model unceruincies. A compre-
hensive risk assessment would need to incor-
porate these uncertaindes in an evaluation of
overall model uncertaingy.

Health evidence. Although numerous
health outcomes have been incorporated into
past analyses (2), bere we focus on a subset for
which some evidence exists for differential
effects on susceptible subpopulations. The
choice of outcomes as well as the subpopula-
tions considered therefore depends endrely on
the current literature and is not meant to be
comprehensive. Furthermore, we restricted
the health evidence to epidemiologic studies
conducted in the United States, because pat-
terns of health care use and the relationship
between demographics and health starus likely
vary across countries. Given these criteria, we
evaluated premature morrality (stracified by
education), CHA for the elderly (suratified by
diabetic status and age), and asthma ERV for
children (stracified by race and age). For each
outcome, we both describe a conventional
approach and construct a susceptibilicy model.
Our goal is not to consider the complete array
of susceptible subpopulations, but rather to
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Figure 1. Receptor grid and power plant locations for Washington, DC, case study.
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select one example for each outcome for
which epidemiologic evidence and popula-
tion data exist.

Premature mortality. For premature mor-
tality, we derived a central estimate from the
follow-up analysis of the American Cancer
Sociecy (ACS) cohort study (19). Several ocher
cohort studies are available (20,21), but the
ACS study has the largest and most geograph-
ically diverse population, with relative risks
bounded by other studies and a statistical
approach suggested by a derailed reanalysis
(22). For all-cause mortality, the authors cal-
culated 2 relative risk of 1.04 [95% confidence
interval (CI), 1.01-1.08] for a 10 pg/m?
increase in annual mean PM,; 5 concentrations
(using 1979-1983 concenradons). The rela-
tive risk was slighdy higher (1.06) using more
recent pollution data, but we use the lower
figure to be conservative and because Pope et
al. (19) presented stradified estimates based on
the 1979-1983 concentrations.

Relative risks did not vary substantially
across most demographic factors excepr edu-
cational actainment. Educational atcainmenc
appeared to be a strong effect modifier
across all causes of mortality. The relacive
risk for a 10 pg/m? increase in annual mean
PM, ; concentrations was 1.085 (95% CI,
1.031-1.142) for individuals wich less than
high school education, 1.045 (95% CI,
1.004-1.087) for individuals with high
school education, and 1.003 (95% CI,
0.967-1.040) for individuals with more
than high school education.

There are numerous uncercainties related
to the application of this stratified relative
risk. The ACS cohort is somewhat more edu-
cated than the populadon at large, and corre-
lated terms such as race and poverty status
have not been significant in time-series mor-
wlicy or hospital admissions studies (23-25).
In addition, the startistical approach implies
that we are modeling the effect of education
controlling for smoking and other factors,
which would ideally be included to model che
influence of all risk factors correlated wich
educational atrainment. Regardless, we use
the education-stratified values to determine
the implicadions of the reported relationship.

For background mortality rates, the stan-
dard approach is to apply county-level aver-
ages to individuals 30 or more years old [che
age range considered in the ACS study (I19).
We used this as our baseline approach, but
for our susceptibility model, we considered
whether morality rates vary as a funcdon of
education while still averaging to the reported
councy-level rates.

There is a strong and consistent negative
relationship berween socioeconomic status
and all-cause mortality (26). Socioeconomic
status can be measured by occupation,
income, education, or some combinartion of
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these terms. It is generally believed that both
income (27) and educadonal atminment (28)
are independent predictors of mortality,
although the bases for these relationships are
not well understood. Some argue char those in
lower sociocconomic classes display high-risk
behaviors, such as smoking, being overweight,
and not exercising (29), producing higher
mortality rates. However, only a small fraction
of the increased mortality can be explained by
a higher prevalence of high-risk behaviors (30),
so there must be other contribudng factors. In
any case, it is clear chac those in low educadon
or income categories represent a susceptible
subpopulation for all-cause morality.
Educarional attainmenc is a uscful predic-
tor of mormality because it gypically does not
change after adulthood. Additonally, this term
is available for all segments of the adule popu-
lation, even those not in the work force.
Although it may be a proxy for other factors,
various hypotheses have been presented for
why lower education mighe be a causal factor
for mortality. Educadon may be 2 marker for
factors (e.g., intelligence and good healdh in
early childhood) that allow for both educa-
tional atrainment and good healch in adule-
hood. for acquired knowledge that can be used
to obaain posidve health outcomes, for reladve
status in socicty, or for the development of
positive social networks (31). The protective
effect of higher education has been seen in the
United States (3/) and worldwide (32,33).
We sclected our bascline mortality risk
ratios from a study chac evaluated risks for all-
cause moraality as a funcdon of both educa-
tion and annual income among a cohort
25-G4 years old, drawn from the National
Longitudinal Morwlity Scudy (37). The rela-
tionship between education and morralicy
was best described by a trichotomy (less than
high school education, high school diploma
or greater but no college diploma, or a college
diploma or greater). When compared with
the highest education group, the annual mor-
talicy reladive risk for men was 1.7 for less
than high school education and 1.5 for high
school diploma or greater but no college
diploma. For women, the corresponding rela-

tive risks were 1.5 and 1.2, The actenuation

in women has been documented previously
and can be actributed largely to the married
subpopulation of women (34). We applicd
these relative risks to all individuals more
than 30 years old, although there is some evi-
dence that socioeconomic differences play less
of a role in determining morrality rates
among the aged (35).

Cardiovascular hospital admissions.
Several studies in the United States have eval-
uated the relationship between particulate
matter exposure and CHA among individuals
65 or more years old (24,25,36-43). Most
ceneral estimates from these studies fall in the
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range of 2 0.5-1% increasc in CHA for a 10
pg/m? increase in daily concentradions of par-
ticulate macter < 10 pm in aerodynamic
diameter (PM,). Using a typical PM,:PMyq
ratio of 60%, we would consider appropriate
a central estimate of an approximate 1%
increase in CHA per 10 pg/m? increase in
daily PM, 5 concentrations. As a bascline, we
applied this percentage to the average back-
ground rate of 0.084 CHA per year per
individual = G5 years old (44).

Although numerous factors might influ-
ence cither the baseline risk or the relative risk
of an air-polludon—related CHA, we focused
on diabetes to illustrate the influence of a risk
factor thar varies demographically and mighe
influence both risks. To estimate the number
of diabedc and nondiabedc CHA in a county
or census tract, we considered two relacion-
ships: the risk factors for diabetes among the
clderly and the differential risk for a CHA
given the presence of diabetes.

In those > 65 years old, noninsulin-depen-
dent diabetes mellicus (NIDDM) accounts for
virtually all of the diabetic cascload. There are
numerous risk factors for NIDDM, including
age, obesity, family history, and sedentary
lifescyle. Although lifestyle variables are the
strongest predictors of diaberic status
[accounding for as much as 90% of population
acrriburtable risk (£5)], we cannot estimate
these variables at the census tract level from
publicly available data. In the absence of this
information, we estimated NIDDM preva-
lence as a function of gender, age, and race.
According to a natdonal survey (46), NIDDM
prevalence in individuals > 65 years old is
higher among African Americans and
Mexican Americans than in non-Hispanic
whites, ranging from 10.9% for non-Hispanic
white males 65-74 years old to 29% for
Mexican-American females 6574 years old.
We applied these estimates to our study popu-
lations, despite the limirations in applying
national relationships based on race to a spe-
cific geographic setting. The relationship
between race and common risk factors likely
varies widely across regions and within small
geographic areas, a feature that is not caprured
by our model.

Regarding risks for a CHA, ic has been
well established chac diabetics have an
increased risk of heart disease. Several studies
also indicate char diabetics are admitted to the
hospital more frequendly than are nondiabet-
ics (47,48). Thus, it is not surprising that
CHA races are elevated in diabetic popula-
tions. According to a national diabetes sur-
veillance report (49), as of 1996, the annual
CHA rate was 0.20 admissions per year per
diabetic 65-74 years old and 0.27 for diabet-
ics = 75 years old. In contrast, the rates for
the population as a whole arc 0.06 (ages

65-74 years) and 0.11 (= 75 years) (449).

Using these two rates and the estimated dia-
betes prevalence across our study population,
we can calculate the CHA rate for nondiabet-
ics. Clearly, there are several appreciable
assumptions underlying these estimates.
Although we know that marked differences
can exist in’ CHA rates among stactes and
communities, we assume that tract-specific
raes vary only as a function of the estimated
number of diabetics, with CHA rates invari-
ant for nondiabetics. This likely underesd-
mates the degree of spatial and demographic
variabilicy in CHA rates.

On the relative risk side, a time-series
study in Chicago (38) found 2 2% increase in
CHA for diabetic individuals > 65 years old
for a 10 pg/m3 increase in PM,,, versus a
0.9% increase for nondiabetics. In contrast,
the studies that evaluaced facrors such as race,
education, or poverty (24,37,43) found no
significant effect modification for CHA rela-
tive risks. To ensure that our concentradon—
response function agrees with our nonstrad-
fied esdmate, we assumed that a facror of two
difference exists berween diabetics and non-
diabetics and calculated the concentrarion—
responsc funcdon given the estimated number
of CHA in diabetics and nondiabertics in our
study population. The result is 2 0.7%
increase in CHA per 10 pg/m? increase in
PM, ; for nondiabetics, with a 1.5% increase
for diabetics.

Pediatric asthma ERV. Many studies have
associated ERV for numerous respiratory and
cardiovascular causes wich particulate macter,
but to dace only ewo studies in the United
States have considered asthma-related visits
among children (defined here as = 18 years
old). In Seatde (50), an 11.6 pg/m3 increase in
PM,, was associated with a 14% increase in
asthma ERV (95% CI, 5-23%), and 2 9.5
pg/m’ increase in PM, ;5 was associated wich a
15% increase. This study found the relacive
risk to be similar in high-use and low-use areas
(a proxy for socioeconomic status). In Atana
(51). 2 4% increase in pediatric asthma ERV
was estimated for a 15 pg/m? increase in PMy,
concentrations (95% CI, 0.4-7%). As in
Seartle, there did not appear to be effect modi-
ficadon due to race or socioeconomic status.
Simply pooling these two studies using a ran-
dom effects model (52) provides a central eso-
mate of 2 0.7% increase in asthma ERV per
microgram per cubic meter increase in PM,,
which we translate into an approximate 1%
increase in asthma ERV per microgram per
cubic meter increase in daily PM, ;. This can
be applied to a background asthma ERV race
of 0.012 for children 0—4 years old, 0.0081
for children 5—-14 years old, and 0.0069 for
children = 15 years old (53).

Although the published studies did not
idenify susceptible subpopulations from 2
relacive risk perspective, the background race
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of asthma ERV would be anticipated to differ
widely across subpopulations. This would be
a function both of trends in asthma preva-
lence and of patterns in health care use across
populations.

The prevalence of asthma has increased
substandally in recent years (53), with lower-
income individuals and minorities dispropor-
tionately affected by the disease (54-58). Many
of the significant predictors of childhood
asthma, such as cockroach presence in the
home (59) and maternal educaton (60), are
related to sociocconomic status. Furthermore,
patterns of health care use are strongly related
to income. The rado of anti-inflammatory to
beta-agonist medicadon is lower in low-income
communides and is inversely correlated with
hospiralization rates (61), and lower-income
populations lacking health insurance often use
emergency services as a means of primary care.
Thus, it would be expected that low-income
populations would have somewhat higher pedi-
arric asthma ERV rates.

Data on pediatric aschma ERV rates as a
function of income were limited, buc subscan-
tal racial differences have been documented.
According to data from the National Hospital
Ambulatory Medical Care Survey (53), across
all ages, the asthma ERV rate for African
Amcricans is nearly five times greater than
that for whites (0.023 and 0.0049 per capita,
respectively). No data were provided on
asthma ERV rates scratified across botch age
and race, but a study of 3-year-olds in the
United States found a racial differential of
similar magnitude buc with some indepen-
dent effects of both race and income {54).

Given available information, we estimated
bascline pediatric asthma ERV rates as 2 func-
ton of age and race, assuming the radial dispar-
ity to exist in all age groups. This encompasses
differences both in prevalence and in healch
care use. As with our diabetes estimates, there
are some substantial limitadions in using only
race as a predicror, because the reladionship
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berween race and asthma ERV risk factors
varies by income, urban/rural status, and other
factors. Regardless, the consistent reladonship
between race and ERV and che ability to
gather racial information at the census tract

level make this the best available covariate.
Results

Concentration reductions. With our atmos-
pheric dispersion model, the emission reduc-
tions at the five selected power plants would
lead to annual average PM, ; (primary plus
secondary) concentration reductions ranging
from 0.009 to 0.9 pg/m? in our receptor
region (Figure 2C). By way of comparison,
according to U.S. EPA AIRS dara (62),
annual average PM, 5 concentrations in
Washingron, DC, were approximately 14-18
pg/m? in 1999. The maximum annual aver-
age PM,; concentration reducdon is found
within Washington, DC, as might be andci-
pated by the power plant selection criteria
and the inclusion of primary PM, ;.

The geographic distribucion of benefits
varies somewhat across particle types, power
plants, and seasons. Annual average primary
PM. ; concentration reductions peak closer to
the plancs and decrease more rapidly with dis-
tance chan secondary sulfates or nicrates
(Figure 2). As a resulg, a greater fraction of
total exposure reduction (defined as the sum
across receptors of the product of concentra-
tion reduction and populadon assigned to the
receptor) occurs closer to the power plants for
primary than for secondary PM,; (Figure 3).
However, there is tremendous variabilicy in
the distribution of total exposure reduction,
caused principally by variations in source
locations and pollutant type (primary vs. sec-
ondary). In addidon, total exposure reduction
per unic emissions displayed expected sca-
sonal pacterns, with slightdy higher values for
primary PM,; in the winter and fall (related
in part to lower mixing heights) and higher
values for sulfates and lower values for
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nitrates in the summer due to the effect of
temperature on relative conversion races.

Health benefits. For premature mortaliry,
using nonstracified relative risks and homoge-
neous baseline mortality rates within coun-
ties, our central estimace is that emission
reductions from the five power plants would
lead to 210 fewer deaths per year (Table 2).
The estimated impact under the current
emissions scenario is 270 deaths per year. Of
the total mortalicy benefits, approximately
25% occur in individuals with less chan high
school educadon (identical to the proportion
in the population). Approximately 16% of
moruality bencfits accrue within 50 km of the
power plants, largely related to the substantial
contribution of secondary sulfates (62%) and
nicrates (199%) to toral PM, 5 exposures.

In our suscepribilicy model, wich boch
baseline mortality rates and PM; 5 relative
risks stratified by educational attainment, our
understanding of the affected subpopulations
changes substancially (Table 2). The total
morulity benefic is largely unaffected, with 2
slight increase associated with differences
in educational attainment between the
Washington, DC, area and the ACS cohort.
However, 51% of the estimated mortality
benefits now accrue among individuals with
less than high school education, double the
prediction in the homogeneous risk model.

Although stracificadion by educarion does
not significantly influence the broad geo-
graphic pattems of benefits (i.c., the fraction of
benefits within 50 km), at the census tract level -
benefits differ by as much as a factor of 13
berween the models. Figure 4 depicts the geo-
graphic patterns of benefits under both the
baseline and suscepribilicy models, focusing
solely on census tracts in Washington, DG, for
simplicity. Using the baseline model, the mor-
talicy risk reductions in Washingron are rea-
sonably homogeneous, ranging from 36 to 67
fewer deaths per year per million individuals
> 30 years old. Under the education-stratified

e -19 -8 - -® -I§
Longitude

Figure 2. Combined concentration reductions {annual average, pg/m?) from hypothetical emission controls at five power plants: (A} primary PM,s; {B) secondary

PM,5; (0 total PMs.
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model, the range broadens considerably and
the distribution is mote complex, with per
capita benefits now varying by more than a
factor of 10 across census tracts. The mortality
benefits are generally increased in southeastern
Washingron, DC, the lowest-incomie area of
the city. '

When we consider CHA among the
elderly, our baseline model estimates 59 fewer
CHA per year. Although it seems counterin-
tuitive that the mortality numbers could
exceed the morbidity numbers, this is related
to the limited focus on CHA because of only
short-term exposures among the elderly (vs.
all-cause mortality from long-term exposures
among individuals = 30 years old). Using a
conventional model that assumes diabetics do
not differ in any way from nondiabetics, 13%
of the CHA benefits are estimated co occur
among diabetics, whereas 80% are found
among non-Hispanic whires (Table 2). The
geographic distribution of CHA benefits is
similar to the exposure reducdon and mortal-
ity bencfics, with differences reflecting the rel-
ative number of individuals 65-74 years old
and = 75 years old within census tracts.

As expected, incorporating the diabetes-
based information has a minimal impact on
aggregate benefits but dramarically alters the
profile of the affected individuals (Table 2).
Using this model, 54% of the CHA benefits
are found among diabetics, with 76% among
non-Hispanic whites. Because we have
assumed that baseline CHA risk for nondia-
betics does not differ as a function of race or
income, the CHA estimates under che suscep-
tibility model are closer to those from the
baseline model than are those for mortality
(Figure 4). However, even considering only
diabetes-related suscepribility changes che
census tract-level benefits by as much as 40%.

Finally, we estimate 140 fewer pediarric
asthma ERV per year using our nonstratified
model (38% in children 04 years old, 46% in
children 5-14 years old). Twenty-seven percent
of benefits occur in African-American children
(who represent 21% of the study populadon).
When we stratify asthma ERV risk by race, the
total benefits increase to 160 fewer visits pec
year, with significant changes in the geographic
and demographic distribudons (Table 2). The
census-tract-level risk reducdon varies by an
order of magnitude across Washington, DC,
with the benefits increased by more than a
factor of two in the eastern half of the city
(Figure 4). The proportion of benefics among
African-American children is increased to G4%,
commensurate with the assumpdon of greater

baseline asthma ERV rates.
Discussion

Our analytical approach demonstrates two
important points. First, given an interpreta-
tion of the epidemiologic evidence chat
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assumes that ambient concentrations in the
Washingron, DC, area exceed any potential
populadion threshold for PM,; health effects,
emission controls at older fossil-fucled power

lants would provide tangible and quantifi-
able health benefits. Second, when we take
account of suscepeible subpopuladions and
differences in both relative risk and baseline
disease rates across these populations, the
small-scale geographic and demographic dis-
cributions of those benefits are strongly
affected. For the example of premature mor-
aality, if educational atrainment influences
both the relative risk of air polludon and the
baseline mortality risk, then more than half of
the morulity benefits accrue among the 25%
of our study population with less than high
school education. Similarly, for pediatric
aschma ERV, the face that background rates
are substandially greater in African Americans
implies that most ERV benefits accrue in
21% of the population, even given identical
relative risks from air pollution. The relacively
smaller differences found for CHA when
diabetes is considered illustrates that evidence

for differential effects on a relatively small
fraction of the population has a smaller effect
than a population-wide model.

There are clearly some barriers in both
interpretation of the study findings and appli-
cation of our madel to other settings. One
important uncerainty is related o the seraci-
fied risk models we selected. For all health
outcomes, we used stratification variables
(such as race) that might have independent
effects on baseline health but likely are prox-
ies for numerous socioeconomic end points.
If the stratification variables represent other
factors, this 2dds to the uncertainty in a site-
specific stratified analysis.

In general, we have applied suscepdbilicy
models based on narional data to 2 small
number of states, which has multiple inherent
limitadions. Clearly, it would be preferable to
use local healch data, bur data at small geo-
graphic scales for a large region are difficulc to
obtain and are rarely stracified across all
demographic variables of interest. In addi-
tion, the reliance on national dara increases
the generalizability of our findings. Despite
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Figure 3. Cumulative distribution of total exposure reduction as a function of distance from the source, by

power plant and pollutant type.

Table 2. Magnitude and distribution of heafth benefits associated with modeled emission reductions at five

power plants near Washington, DC.

Health outcome and Baseline mode! Full susceptibility model
stratification covariate {No stratification} (Stratification by listed covariate)
Deaths/year
Total 210 240
< High school education 52 120
> High school education 150 120
CHA/year
Total 59 60
Diabetic 8 3
Nandiatetic 51 27
Asthma ERV/year
Tatal 140 160
African American 38 100
Non-African American 100 57

Data presented are rounded to twa significant figures; sums may not add because of rounding.
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these issues, our models demonstrate that
simple assumptions about susceptibility can
be influendal in our understanding of health
risks and benefits. The alternative is an
assumption of homogeneity, which icself
introduces implicic uncerainty and may con-
tribute to biases in selected scrtings. -
Another limitadon of our study is the fact
that we have devoted limited attention to
uncercainty analysis, a crucial element in
interpreting scnsitive and complex findings.

Drawing on the unceraainty analyses in our
carlier work (4,11), most parametric changes
in CALPUFF led to changes to aggregate
benefits of less than a factor of two, whereas
variations in concentration~response assump-
tons (particularly for mortalicy) could influ-
ence estmates by as much as a factor of five.
The influence of population susceptibilicy is
generally at the lower end of this range, even
for small geographic scales. However, suscep-

ribility information has a greater influence on
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the relative distribution of benefics than do
other assumptions, many of which tend to
affect all populations identically (e.g., the
popuhtion-nvcmgcd concentration—response
function). Furthermore, a broader view of
areas of hererogeneity or suscepability [e.g.,
assumptions regarding particle size and
chemical composition, time—activity data, or
physiologic factors (63)] could increase the
importance of this evidence. Further analysis
that considers the full array of uncerraindes
and evaluates which (if any) would be influ-
endial in policy decisions would be warranted.

In addition, although we have focused on
power plants (partly because of pending regu-
latory decisions at the time of our analysis),
the issue of susceptible subpopulacions is
likely more significant for mortor vehicle pol-
lution. Given that motor vehicles have low
stack heights and have a strong presence in
urban street canyons with high population
density, it is likely that aggregate impacts
would be spread over a smaller population
than for power plants. If the exposed popula-
tion had demographic differences from the
United Scates average, assumpgons of homo-
geneity would bias the risk calculations.

Finally, any assessment of impacts from a
limited number of sources is somewhat
impaired by the relatively small reductions
when compared with baseline concentrations.
This makes field validation of model resules dif-
ficule and implies that an uldmate comparison
of the costs and benefits of taking acton would
be required to determine if action is warranted.

Despite these limitations, our analysis
lluscrates that emission controls ac older fos-
sil-fueled power plants could lead to quantifi-
able concentration and health benefits and
that suscepribility information informs the
interpretation of those benefits. Although the
individual benefits represent a small incre-
ment over baseline risks, the number of peo-
ple affected because of long-range pollution
transport implies aggregate benefics that are
relevant for policy evaluation. As the healch
literature develops additional informacion
about differences in relative and absolute risk
across populations, risk assessments and bene-
fie—cost analyses should take advantage of this
information to provide more interpretable
information to decision makers.

Conclusions

We have evaluated the health benefics of emis-
sion controls at five older fossil-fueled power
plants in the Washington, DC, area, using
conventional risk assessment assumpdons and
incorporating available informacion about sus-
ceptible subpopulations. We found that the
geographic and demographic distributions of
Benefits differ substantially between the two
approaches. If robust and causal, our suscepti-
bilicy models idencify subpopulations chat
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bear 2 disproportionate air pollution burden
and account for a substandial fraction of the
benefits of emission controls (lower-educated
individuals for mortality, diabetics for CHA,
and African Americans for asthma ERV). The
characterization of high-risk subpopulations
can help both in the interpreaion of the risk
assessment and in targeting future exposure
assessment ot epidemiologic efforts.
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ASED ON SEVERAL SEVERE AIR
pollution events,'? a temporal
correlation between extremely
high concentrations of particu-
late and sulfur oxide air pollution and
acute increases in mortality was well
established by the 1970s. Subse-
quently, epidemiological studies pub-
lished between 1989 and 1996 re-
ported health effects at unexpectedly low
concentrations of particulate air pollu-
tion.* The convergence of data from
these studies, while controversial,’®
prompted serious reconsideration of
standards and health guidelines®!® and
led to a long-term research program de-
signed to analyze health-related effects
due to particulate pollution.'"* In 1997,
the Environmental Protection Agency
adopted new ambient air quality stan-
dards that would impose regulatory lim-
its on fine particles measuring less than
2.5 pm in diameter (PM, ). These new
standards were challenged by industry
groups, blocked by a federal appeals
court, but ultimately upheld by the US
Supreme Court."*
Although most of the recent epide-
miological research has focused on ef-
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Context Associations have been found between day-to-day particulate air pollution
and increased risk of various adverse health outcomes, including cardiopulmonary mor-
tality. However, studies of health effects of long-term particulate air pollution have
been less conclusive.

Objective To assess the relationship between long-term exposure to ffne particu-
late air pollution and all-cause, lung cancer, and cardiopulmonary mortality.

Design, Setting, and Participants Vital status and cause of death data were col-
lected by the American Cancer Society as part of the Cancer Prevention Il study, an on-
going prospective mortality study, which enrolled approximately 1.2 million adultsin 1982.
Participants completed a questionnaire detailing individual risk factor data (age, sex, race,
weight, height, smoking history, education, marital status, diet, alcohol consumption, and
occupational exposures). The risk factor data for approximately 500000 adults were linked
with air pollution data for metropolitan areas throughout the United States and com-
bined with vital status and cause of death data through December 31, 1998.

Main Outcome Measure All-cause, lung cancer, and cardiopulmonary mortality.

Results Fine particulate and sulfur oxide—related pollution were associated with all-
cause, lung cancer, and cardiopulmonary mortality. Each 10-pg/m? elevation in fine
particulate air pollution was associated with approximately a 4%, 6%, and 8% in-
creased risk of all-cause, cardiopulmonary, and lung cancer mortality, respectively. Mea-
sures of coarse particle fraction and total suspended particles were not consistently
associated with mortality.

Conclusion Long-term exposure to combustion-related fine particulate air pollu-
tion is an important environmental risk factor for cardiopulmonary and lung cancer
mortality.

JAMA. 2002;287:1132-1141 www.jama.com

fects of short-term exposures, several
studies suggest that long-term expo?
sure may be more important in terms
of overall public health.* The new stan-
dards for long-term exposure to PM, 5

2 studies linked individual risk factor
and vital status data with national am-
bient air pollution data.'® Our analysis
uses data from the larger study and

were originally based primarily on 2
prospective cohort studies,'>'® which
evaluated the effects of long-term pol-
lution exposure on mortality. Both of
these studies have been subjected to
much scrutiny,” including an exten-
sive independent audit and reanalysis
of the original data.'” The larger of these
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(1) doubles the follow-up time to more
than 16 years and triples the number
of deaths; (2) substantially expands ex-
posure data, including gaseous copol-
lutant data and new PM, 5 data, which
have been collected since the promul-
gation of the new air quality stan-
dards; (3) improves control of occupa-
tional exposures; (4) incorporates
dietary variables that account for total
fat consumption, and consumption of
vegetables, citrus, and high-fiber grains;
and (5) uses recent advances in statis-
tical modeling, including the incorpo-
ration of random effects and nonpara-
metric spatial smoothing components
in the Cox proportional hazards model.

METHODS
Study Population

The analysis is based on data collected
by the American Cancer Society (ACS)
as part of the Cancer Prevention Study
I1 (CPS-11), an ongoing prospective
mortality study of approximately 1.2
million adults.'®!® Individual partici-
pants were enrolled by ACS volun-
teers in the fall of 1982. Participants re-
sided in all 50 states, the District of
Columbia, and Puerto Rico, and were
generally friends, neighbors, or ac:
quaintances of ACS volunteers. Enroll-
ment was restricted to persons who
were aged 30 years or older and who
were members of households with at
least 1 individual aged 45 years or older.
Participants completed a confidential
questionnaire, which included ques-
tions about age, sex, weight, height,
smoking history, alcohol use, occupa-
tional exposures, diet, education, mari-
tal status, and other characteristics.
Vital status of study participants was
ascertained by ACS volunteers in Sep-
tember of the following years: 1984,
1986, and 1988. Reported deaths were
verified with death certificates. Subse-
queantly, through December 31, 1998,
vital status was ascertained through au-
tomated linkage of the CPS-1I study
population with the National Death In-
dex.' Ascertainment of deaths was
more than 98% complete for the pe-
riod of 1982-1988 and 93% complete
after 1988." Death certificates or codes
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for cause of death were obtained for
more than 98% of all known deaths.
Cause of death was coded according to
the International Classification of Dis-
eases, Ninth Revision (ICD-9). Al-
though the CPS-1I cohort included ap-
proximately 1.2 million participants
with adequate questionnaire and cause-
of-death data, our analysis was re-
stricted to those participants who re-
sided in US metropolitan areas with
available pollution data. The actual size
of the analytic cohort varied depend-
ing on the number of metropolitan ar-
eas for which pollution data were avail-
able. TABLE 1 provides the number of
metropolitan areas and participants
available for each source of pollution
data.

Air Pollution Exposure Estimates

Each participant was assigned a met-
ropolitan area of residence based on ad-
dress at time of enrollment and 3-digit
ZIP code area.” Mean (SD) concentra-
tions of air pollution for the metropoli-
tan areas were compiled from various
primary data sources (Table 1). Many
of the particulate pollution indices, in-
cluding PM, 5, were available from data
from the Inhalable Particle Monitor-
ing Network for 1979-1983 and data
from the National Aerometric Data-
base for 1980-1981, periods just prior
to or at the beginning of the follow-up
period. An additional data source was
the Environmental Protection Agency
Aerometric Information Retrieval Sys-
tem (AIRS). The mean concentration
of each pollutant from all available
monitoring sites was calculated for eachi
metropolitan area during the 1 to 2
years prior to enrollment."”
Additional information on ambient
pollution during the follow-up period
was extracted from the AIRS database
as quarterly mean values for each rou-
tinely monitored pollutant for 1982
through 1998. All quarterly averages
met summary criteria imposed by the
Environmental Protection Agency and
were based on observations made on at
least 50% of the scheduled sampling
days at each site. The quarterly mean
values for all stations in each metro-

politan area were calculated across the
study years using daily average values
for each pollutant except ozone. For
ozone, daily 1-hour maximums were
used and were calculated for the full
year and for the third quarter only (ie,
July, August, September). While gas-
eous pollutants generally had re-
corded data throughout the entire fol-
low-up period of interest, the particulate
matter monitoring protocol changed in
the late 1980s from total suspended par-
ticles to particles measuring less than
10 pm in diameter (PM,), resulting in
the majority of total suspended par-
ticle data being available in the early to
mid-1980s and PM,, data being mostly
available in the early to mid-1990s.

As a consequence of the new PM,
standard, a large number of sites be-
gan collecting PM, s data in 1999. Daily
PM, ; data were extracted from the AIRS
database for 1999 and the first 3 quar-
ters of 2000. For each site, quarterly av-
erages for each of the 2 years were com-
puted. The 4 quarters were averaged
when at least 1 of the 2 corresponding
quarters for each year had at least 50%
of the sixth-day samples and at least 45
total sampling days available. Measure-
ments were averaged first by site and
then by metropolitan area. Although no
network of PM, s monitoring existed in
the United States between the early
1980s and the late 1990s, the inte-
grated average of PM,; concentra-
tions during the period was estimated
by averaging the PM, ; concentration for
early and later periods.

Mean sulfate concentrations for 1980-
1981 were available for many cities
based on data from the Inhalable Par-
ticle Monitoring Network and the
National Aerometric Database. Recog-
nizing that sulfate was artifactually
overestimated due to glass fiber filters
used at that time, season and region-
specific adjustments were made.!” Since
few states analyzed particulate samples
for sulfates after the early 1980s, indi-
vidual states were directly contacted for
data regarding filter use. lon chroma-
tography was used to analyze PM, fil-
ters and this data could be obtained
from metropolitan areas across the
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United States. Filters were collected for
a single reference year (1990) in the
middle of the 1982-1998 study pe-
riod. The use of quartz filters virtually
eliminated the historical overestima-
tion of sulfate. Mean sulfate concen-
trations for 1990 were estimated us-
ing sulfate from AIRS, data reported
directly from individual states, and
analysis of archived filters.

Statistical Analysis

The basic statistical approach used in this
analysis is an extension of the standard
Cox proportional hazards survival

model 2! which has been used for risk
estimates of pollution-related mortal-
ity in previous longitudinal cohort stud-
jes.!'6 The standard Cox model implic-
itly assumes that observations are
statistically independent after control-
ling for available risk factors, resulting
in 2 concerns with regard to risk esti-
mates of pollution-related mortality.”
First, if the assumption of statistical in-
dependence is not valid, the uncer-
tainty in the risk estimates of pollution-
related mortality may be misstated.
Second, even after controlling for avail-
able risk factors, survival times of par-

ticipants living in communities closer to-
gether may be more similar than
participants living in communities far-
ther apart, which results in spatial au-
tocorrelation. If this spatial autocorre-
lation is due to missing or systematically
mismeasured risk factors that are spa-
tially correlated with air pollution, then
the risk estimates of pollution-related
mortality may be biased due to inad-
equate control of these factors. There-
fore, in this analysis, the Cox propor-
tional hazards model was extended by
incorporating a spatial random-effects
component, which provided accurate es-

M

Table 1. Summary of Alternative Pollution Indices*

Pollutant Data No. of No. of
(Years of Data Compilation Metropolitan Participants,
Collection) Units Source of Data Teamt Areas in Thousands Mean (SD)

PM, s pg/m? )

1979-1983 IPMN HEI 61 359 21.1 (4.6)

1999-2000 AIRS NYU 116 500 14.0(3.0)

Average 51 319 17.7 (3.7)
PM,o pg/m?3

1982-1998 AIRS NYU 102 415 28.8 (5.9)
PM;s pg/m3

1979-1983 IPMN HE! 63 359 40.3(7.7)
PMis.2s pg/m?

1979-1933 IPMN HE! 63 359 19.2 (6.1)
Total suspended particles pg/m?

1980-1931 NAD HEI 156 530 €8.0 (15.7)

1979-1983 IPMN HE! 58 351 73.7 (14.3

1982-1998 AIRS NYU 150 573 56.7 (13.1
Sulfate pg/m?

1980-1981 IPMN and NAD, HEI 149 572 6.5(2.8)

artifact adjusted
1990 Compilation and analysis NYU 53 269 6.2 (2.0)
of PMy, filters

Sulfur dioxide ppb AIRS

1980 HEI 118 520 9.7 (4.9)

1982-1998 NYU 126 539 6.7 (3.0)
Nitrogen dioxide ppb AIRS

1980 HEI 78 409 27.99.2)

1982-1998 NYU 2 101 493 21.4(7.1)
Carbon monoxide ppm AIRS

1980 HE! 113 519 1.7 (0.7)

1982-1998 NYU 122 536 1.1(0.4)
Ozone ppb AIRS _

1980 HE! 134 569 47.9 (1.0

1982-1998 NYU 119 525 455(7.3

1982-1998¢ NYU 134 557 59.7 (12.8)

*PM, 5 indicates particles measuring less than 2.5 um in diameter; PM,q, particles measuring less than 10 ym
PM,s., 5, particles measuring between 2.5 and 15 um in diametsr; pg/m?, micrograms per cubic meter; pp
Monitaring Network; AIRS, Aerometric Informaticn Retrieval System (Environmental Protection Agencyl; and

+HEI indicates data were compiled by the Health Sfects Institute reanalysis team, which was previously published.
Schaoal of Medicine, Nelson Institute of Environmental Medicine (K.l and G.D.T.).

tDaily 1-hour maximums were used. Values werz calcutated only for the third quarter (ie, July, August, September).

in diameter; PM, s, particles measuring less than 15 pm in diameter,
b. parts per billion; pom, parts per million; IPMN, Inhalasle Particle
NAD, National Aerometric Database.

17 NYU indicates data were compiled at the New Ycrk University
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timates of the uncertainty of effect esti-
mates. The model also evaluated spa-
tial autocorrelation and incorporated a
nonparametric spatial smooth compo-
nent (to account for unexplained spa-
tial structure). A more detailed descrip-
tion of this modeling approach is
provided elsewhere.?

The baseline analysis in this study es-
timated adjusted relative risk (RR) ra-
tios for mortality by using a Cox pro-
portional hazards model with inclusion
of a metropolitan-based random-
effects component. Model fitting in-
volved a 2-stage process. In the first
stage, survival data were modeled us-
ing the standard Cox proportional haz-
ards model, including individual level
dovariates and indicator variables for
each metropolitan area (without pol-
lution variables). Output from stage 1
provided estimates of the metropolitan-
specific logarithm of the RRs of mor-
tality (relative to an arbitrary refer-
ence community), which were adjusted
for individual risk factors. The corre-
lation between these values, which was
induced by using the same reference
community, was then removed . In the
second stage, the estimates of ad-
justed metropolitan-specific health re-
sponses were related to fine particu-
late air pollution using a linear random-
effects regression model.?* The time
variable used in the models was sur-
vival time from the date of enroll-
ment. Survival times of participants who
did not die were censored at the end of
the study period. To control for age, sex,
and race, all of the models were strati-
fied by 1-year age categories, sex, and
race (white vs other), which allowed
each category to have its own baseline
hazard. Models were estimated for all-
cause mortality and for 3 separate mor-
tality categories: cardiopulmonary
(ICD-9 401-440 and 460-519), lung
cancer (ICD-9 162), and all others.

Models were estimated separately for
each of the 3 fine particle variables,
PM, ;5 (1979-1983), PM,5 (1999-
2000), and PM, 5 (average). Indi-
vidual level covariates were included in
the models to adjust for various impor-
tantindividual risk factors. All of these

MORTALITY AND LONG-TERM EXPOSURE TO AIR POLLUTION

variables were classified as either indi-
cator (ie, yes/no, binary, dummy) vari-
ables or continuous variables. Vari-
ables used to control for tobacco smoke,
for example, included both indicator
and continuous variables. The smok-
ing indicator variables included: cur-
rent cigarette smoker, former ciga-
rette smoker, and a pipe or cigar smoker
only (all vs never smoking) along with
indicator variables for starting smok-
ing before or after age 18 years. The
continuous smoking variables in-
cluded: current smoker's years of smok-
ing, current smoker's years of smok-
ing squared, current smoker's cigarettes
per day, current smoker’s cigarettes per
day squared, former smoker’s years of
smoking, former smoker's years of
smoking squared, former smoker's ciga-
rettes per day, former smoker’s ciga-
rettes per day squared, and the num-
ber of hours per day exposed to passive
cigarette smoke.

To control for education, 2 indica-
tor variables, which indicated comple-
tion of high school or education be-
yond high school, were included.
Marital status variables included indi-
cator variables for single and other vs
married. Both body mass index (BM1)
values and BMI values squared were in-
cluded as continuous variables. Indi-
cator variables for beer, liquor, and wine
drinkers and nonresponders vs non-
drinkers were included to adjust for al-
cohol consumption. Occupational ex-
posure was controlled for using various
indicator variables: regular occupa-
tional exposure to asbestos, chemicals/
acids/solvents, coal or stone dusts, coal
tar/pitch/asphalt, diesel engine ex-
haust, or formaldehyde, and addi-
tional indicator variables that indi-
cated 9 different rankings of an
occupational dirtiness index that has
been developed and described else-
where.!”? Two diet indices that ac-
counted for fat consumption and con-
sumption of vegetables, citrus, and
high-fiber grains were derived based on
information given in the enrollment
questionnaire.'® Quintile indicator vari-
ables for each of these diet indices were
also included in the models.'®

In addition to the baseline analysis,
several additional sets of analysis were
conducted. First, to more fully evalu-
ate the shape of the concentration-
response function, a robust locally
weighted regression smoother* (within
the generalized additive model frame-
work?”) was used to estimate the rela-
tionship between particulate air pollu-
tion and mortality in the second stage
of model fitting. Second, the sensitiv-
ity of the fine particle mortality risk es-
timates compared with alternative mod-
eling approaches and assumptions was
evaluated. Standard Cox proportional
hazards models were fit to the data in-
cluding particulate air pollution as a
predictor of mortality and sequen-
tially adding (in a controlled forward
stepwise process) groups of variables
to control for smoking, education, mari-
wal status, BMI, alcohol consumption,
occupational exposures, and diet.

In addition, to evaluate the sensitiv-
ity of the estimated pollution effect
while more aggressively controlling for
spatial differences in mortality, a 2-di-
mensional term to account for spatial
trends was added to the models and was
estimated using a locally weighted re-
gression smoother. The “span” param-
eter, which controls the complexity of
the surface smooth, was set at 3 differ-
ent settings to allow for increasingly ag-
gressive fitting of the spatial structure.
These included a default span of 50%,
the span that resulted in the lowest un-
explained variance in mortality rate be-
tween metropolitan areas, and the span

Lthat resulted in the strongest evidence
(highest P value) to suggest no re-

sidual spatial structure. The risk esti-
mates and SEs (and thus the confi-
dence intervals) were estimated using
generalized additive modeling?” with
S-Plus statistical software, which pro-
vides unbiased effect estimates, but may
underestimate SEs if there is signili-
cant spatial autocorrelation and signifi-
cant correlations between air pollu-
tion and the smoothed surface of
mortality. Therefore, evidence of spa-
tial autocorrelation was carefully evalu-
ated and tested using the Bartlett test.”
The correlations of residual mortality
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with distance between metropolitan ar-
eas were graphically examined.
Analyses were also conducted of
effect modification by age, sex, smok-
ing status, occupational exposure, and
education. Finally, models were fit us-
ing a variety of alternative pollution in-
dices, including gaseous pollutants.
Specifically, models were estimated
separately for each of the pollution vari-
ables listed in Table 1, while also in-

cluding all of the other risk factor vari-
ables.

RESULTS

Fine particulate air pollution gener-
ally declined in the United States dur-
ing the follow-up period of this study.
FIGURE 1 plots mean PM, 5 concentra-
tions for 1999-2000 over mean PM,;
concentrations for 1979-1983 for the

Figure 1. Mean Fine Particles Measuring
Less Than 2.5 pm in Diameter (PM,5)
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Mean PM, 4 concentrations in micrograms per me-
ters cubed for 1999-2000 are plotted along with con-
centrations for 1979-1983 for the 51 metropolitan ar-
eas with paired pollution data. The dotted line is a
reference 45°-equality line.

51 cities in which paired data were
available. The concentrations of PM, 5
were lower in 1999-2000 than in 1979-
1983 for most cities, with the largest re-
duction observed in the cities with the
highest concentrations of pollution dur-
ing 1979-1983. Mean PM, 5 levels in the
2 periods were highly correlated
(r=0.78). The rank ordering of cities
by relative pollution levels remained
nearly the same. Therefore, the rela-
tive levels of fine particle concentra-
tions were similar whether based on
measurements at the beginning of the
study period, shortly following the
study period, or an average of the 2.
As reported in TABLE 2, all 3 indices
of fine particulate air pollution were as-
sociated with all-cause, cardiopulmo-
nary, and lung cancer mortality;, but not
mortality from all other causes com-
bined. FIGURE 2 presents the nonpara-
metric smoothed exposure response re-
lationships between cause-specific
mortality and PM, 5 (average). The log
RRs for all-cause, cardiopulmonary, and
lung cancer mortality increased across
the gradient of fine particulate matter.
Goodness-of-fit tests indicated that the
associations were not significantly dif-
ferent from linear associations (P>.20).
The fine particle mortality RR ratios
from various alternative modeling ap-
proaches and assumptions are pre-
sented in FIGURE 3. After controlling for
smoking, education, and marital sta-
tus, the controlled forward stepwise in-
clusion of additional covariates had little
influence on the estimated associations
with fine particulate air pollution on car-
diopulmonary and lung cancer mortal-
ity. As expected, cigarette smoking was
highly significantly associated with el-

Table 2. Adjusted Mortality Relative Risk (RR) Associated With a 10-pg/m? Change in Fine
Particles Measuring Less Than 2.5 ym in Diameter

Adjusted RR (95% Ci)*

Cause of Mortality j 1979-1983 1999-2000 Average l
All-cause 1.04 (1.01-1.08) 1.06 (1.02-1.10Q) 1.06 (1.02-1.11)
Cardiopulmonary 1.06 (1.02-1.10) 1.08 (1.02-1.14) 1.09 (1.03-1.16)
Lung cancer 1.08 (1.01-1.16) 1.13(1.04-1.22)

1.14 (1.04-1.23)

All other cause 1.01(0.97-1.05)

1.01 (0.97-1.06) 1.01 (0.95-1.06)

*Estimated and adjusted based on the baseline random-effects Cox proportional hazards model, controlling for age,
sex, race, smoking, education, marital status, body mass, alcohol consumption, occupational exposure, and diet.

Clindicates confiderce interval.
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evated risk of all-cause, cardiopulmo-
nary, and lung cancer mortality
(P<.001). Estimated RRs for an aver-
age current smoker (men and women
combined, 22 cigarettes/day for 33.5
years, with initiation before age 18 years)
were equal t0 2.58,.2.89, and 14.80 for
all-cause, cardiopulmonary, and lung
cancer mortality, respectively. Statisti-
cally significant, but substantally smaller
and less robust associations, were also
observed for education, marital status,
BMI, alcohol consumption, occupa-
tional exposure, and diet variables. Al-
though many of these covariates were
also statistically associated with mortal-
ity, the risk estimates of pollution-
related mortality were not highly sen-
sitive to the inclusion of these additional
covariates.

Figure 3 also demonstrates that the
introduction of the random-effects com-
ponent to the model resulted in larger
SEs of the estimates and, therefore
somewhat wider 95% confidence in-
tervals. There was no evidence of sta-
tistically significant spatial autocorre-
lation in the survival data based on the
Bartlett test (P>.20) after controlling
for fine particulate air pollution and the
various individual risk factors. Further-
more, graphical examination of the cor-
relations of the residual mortality with
distance between metropolitan areas did
not reveal significant spatial autocor-
relation (results not shown). Never-
theless, the incorporation of spatial
smoothing was included to further in-
vestigate the robustness of the esti-
mated particulate pollution effect. Effect
estimates were not highly sensitive to
the incorporation of spatial smooth-
ing to account for regional clustering
or other spatial patterns in the data.

FIGURE 4 presents fine particle air
pollution-related mortality RR ratios af-
ter stratifying by age, sex, education,
and smoking status, and adjusting for
all other risk factors. The differences
across age and sex strata were not gen-
erally consistent or statistically signifi-
cant. However, a consistent pattern
emerged from this stratified analysis: the
association with particulate pollution
was stronger for both cardiopulmo-




nary and lung cancer mortality for par-
ticipants with less education. Also, for
both cardiopulmonary and lung can-
cer mortality, the RR estimates were
higher for nonsmokers.

FIGURE 5 summarizes the associa-
tions between mortality risk and air pol-
lutant concentrations listed in Table 1.
Statistically significant and relatively
consistent mortality associations ex-
isted for all measures of fine particu-
late exposure, including PM, s and sul-
fate particles. Weaker less consistent
mortality associations were observed
with PM,, and PM,s. Measures of the
coarse particle fraction (PMys.,5) and
total suspended particles were not con-
sistently associated with mortality. Of
the gaseous pollutants, only sulfur di-
oxide was associated with elevated mor-
tality risk. Interestingly, measures of
PM, s were associated with all-cause car-
diopulmonary, and lung cancer mor-
tality, but not with all other mortality.
However, sulfur oxide pollution (as
measured by sulfate particles and/or sul-
fur dioxide) was significantly associ-
ated with mortality from all other causes
in addition to all-cause, cardiopulmo-
nary, and lung cancer mortality.

COMMENT

This study demonstrated associations be-
tween ambient fine particulate air pol-
lution and elevated risks of both cardio-
pulmonary and lung cancer mortality.
Each 10-pg/m> elevation in long-term av-
erage PM, s ambient concentrations was
associated with approximately a 4%, 6%,
and 8% increased risk of all-cause, car-
diopulmonary, and lung cancer mortal-
ity, respectively, although the magni-
tude of the effect somewhat depended
on the time frame of pollution monitor-
ing. In addition, this analysis addresses
many of the important questions con-
cerning the earlier, more limited analy-
sis of the large CPS-II cohort, includ-
ing the following issues.

First, does the apparent association
between pollution and mortality per-
sist with longer follow-up and as the co-
hort ages and dies? The present analy-
sis more than doubled the follow-up
time to more than 16 years, resulting

in approximately triple the number of
deaths, yet the associations between
pollution and mortality persisted.
Second, can the association between
fine particulate air pollution and in-
creased cardiopulmonary and lung can-
cer mortality be due to inadequate con-
trol of important individual risk factors?
After aggressively controlling for smok-
ing, the estimated fine particulate pol-
lution effect on mortality was remark-
ably robust. When the analysis was
stratified by smoking status, the esti-
mated pollution effect on both cardio-
pulmonary and lung cancer mortality
was strongest for never smokers vs
former or current smokers. This analy-
sis also controlled for education, mari-
tal status, BMI, and alcohol consump-
tion. This analysis used improved
variables to control for occupational ex-
posures and incorporated diet variables
that accounted for total fat consump-
tion, as well as for consumption of veg-
etables, citrus, and high-fiber grains. The
mortality associations with fine particu-
late air pollution were largely unaf-
fected by the inclusion of these indi-
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vidual risk factors in the models. The data
on smoking and other individual risk fac-
tors, however, were obtained directly by
questionnaire at time of enrollment and
do not reflect changes that may have oc-
curred following enrollment. The lack of
risk factor follow-up data results in some
misclassification of exposure, reduces the
precision of control for risk factors, and
constrains our ability to differentiate time
dependency.

Third, are the associations between
fine particulate air pollution and mor-
tality due to regional or other spatial dif-
ferences that are not adequately con-
trolled for in the analysis? If there are
unmeasured or inadequately modeled
risk factors that are different across lo-
cations, then spatial clustering will oc-
cur. If this clustering is independent or
random across metropolitan areas, then
the spatial clustering can be modeled
by adding a random-effects compo-
nent to the Cox proportional hazards
model as was done in our analysis. The
clustering may not be independent or
random across metropolitan areas due
to inadequately measured or modeled

/
Figure 2. Nonparametric Smoothed Exposure Response Relationship
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Figure 3. Mortality Relative Risk (RR) Ratio Associated With 10-pg/m? Differences of PM, s Concentrations

All-Cause Mortality
1.20}
1.154

8 110

R

8 1.05 §

- .

: R b1
1.00 L
0.954

Cardicpulmonary Mortality
1.20,
1.15

6 1.104

32 §

Y -

e 1,054

oo .

4
1.00
0.95

Lung Cancer Mortality
12%
1.15

S 110 I

R

Ye)

2 105 l I

oo

m —_—

TL0Q frmemmeomess e et s .
0.951
@ All Other Cause Mortality
1.20
1.15

5 110

X 2

[Ye}

< 105

[«d

@ g 1
100} g % T T T T T T

? 2 ? ? ? Il i § {

0.95

Statification  +Smoking  +Education +Bdy Mass  +Alcohol  +Ocoupation Ot Al Span-50%  Lowest  Highest
by Age, Sex, and Marital Index and Dust Covariates Variance P Value

and Race Status Exposure L -
All Covariates Plus Spatial Smeothing

— ! L I

Standard Cox Models

Random-Effects Models

Data presented are for 1979-1983 for the different causes of death, with various levels of con

proaches. The 3 madels with spatial smoothin
smoking included stratification by age,

trolling for individual risk factors, and using alternative modeling ap-
g allow for increasingly aggressive fitting of the spatial structure. Plus sign indicates model included previous variables (ie,
sex. and race); PM; 5, mean fine particles measuring less than 2.5 pm in diameter; and Cl, confidence interval.

1138 JAMA, March 6, 2002—Vol 287, No. 9




risk factors (either individual or eco-
logical). If these inadequately mea-
sured or modeled risk factors are also
spatially correlated with air pollution,
then biased pollution effects estimates
may occur due to confounding. How-
ever, in this analysis, significant spa-
tial autocorrelation was not observed
after controlling for fine particulate air
pollution and the various individual risk
factors. Furthermore, to minimize any
potential confounding bias, sensitiv-
ity analyses, which directly modeled
spatial trends using nonparametric
smoothing techniques, were con-
ducted. A contribution of this analysis
is that it included the incorporation of
both random effects and nonparamet-
ric spatial smoothing components to the
Cox proportional hazards model. Even
after accounting for random effects
across metropolitan areas and aggres-
sively modeling a spatial structure that
accounts for regional differences, the as-
sociation between fine particulate air
pollution and cardiopulmonary and
lung cancer mortality persists.

Fourth, is mortality associated pri-
marily with fine particulate air pollu-
tion or is mortality also associated with
other measures of particulate air pol-
lution, such as PM, total suspended
particles, or with various gaseous pol-
lutants? Elevated mortality risks were
associated primarily with measures of
fine particulate and sulfur oxide pol-
lution. Coarse particles and gaseous pol-
lutants, except for sulfur dioxide, were
generally not significantly associated
with elevated mortality risk.

Fifth, what is the shape of the con-
centration-response function? Within the
range of pollution observed in this analy-
sis, the concentration-response func-
tion appears to be monotonic and nearly
linear. However, this does not preclude
a leveling off (or even steepening) at
much higher levels of air pollution.

Sixth, how large is the estimated mor-
tality effect of exposure to fine particu-
late air pollution relative to other risk fac-
tors? A detailed description and
interpretation of the many individual risk
factors that are controlled for in the
analysis goes well beyond the scope of
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Figure 4. Adjusted Mortality Relative Risk (RR) Ratio Associated With 10-pg/ m? Differences
of PM, s Concentratioris

All-Cause Mortality
1.40 1

1.30

1.20

T I

0.80

RR (95% C)
o

o
o

0.80 v T - T T T T T

Cardiopulmonary Mortality
1A40]

1.30

1.20

MRS

0.80

AR (95% CI
j—0—
—o—
—o0—
©p—o—i
—o—i
—o—
—o—
o

Lurg Cancer Mortality

1A40*

1.30

RR (95% Cl)
2 x
o o
p—0—r
—

o#
g 8

o
@®
o

@ All Other Cause Mortality
1 .401

AP

1.30

N
o

AR (95% C)
3

3 %%% . § I % §§ .. % T §

1.00
0.30
O.SOL : v - r r T T T T
Al <60 €0-89 270 Men Women <High High >High Current Former Never
Combired School Schoct Schoot
Age, y Sex Education Smoking Status

Data presented are for 1979-1983 for the different causes of death stratified by age, sex, education, an.d smok-
ing status. PM, s indicates mean fine particles measuring less than 2.5 ym in diameter; Cl, confidence interval.

JAMA, March 6, 2002—Vol 287, No. 9 1139

oy A SRR USSR T T,




MORTALITY AND LONG-TERM EXPOSURE TO AIR POLLUTION

Figure 5. Adjusted Mortality Relative Risk (RR) Ratio Evaluated at Subject-Weighted Mean Concentrations
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this report. However, the mortality risk
associated with cigarette smoking has
been well documented using the CPS-11
cohort.!® The risk imposed by exposure
to fine particulate air pollution is obvi-
ously much smaller than the risk of ciga-
rette smoking. Another risk factor that
has been well documented using the
CPS-11 cohort data is body mass as mea-
sured by BML* The Word Health Or-
ganization has categorized BMI values
between 18.5-24.9 kg/m? as normal; 25-
29.9 kg/m?, grade 1 overweight; 30-
39.9 kg/m?, grade 2 overweight; and 40
kg/m? or higher, grade 3 overweight*!
In the present analysis, BMI values and
BMI values squared were included in the
proportional hazards models. Consis-
tent with previous ACS analysis,*® BMI
was significantly associated with mor-
tality, optimal BMI was between ap-
proximately 23.5 and 24.9 kg/m’, and

4e RR of mortality for different BMI val-
ues relative to the optimal were depen-
dent on sex and smoking status. For ex-
ample, the RRs associated with BMI
values between 30.0 and 31.9 kg/m? (vs
optimal) would be up to approxi-
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mately 1.33 for never smokers. Based on
these calculations, mortality risks asso-
ciated with fine particulate air pollu-
tion at levels found in more polluted US
metropolitan areas are less than those as-
sociated with substantial obesity (grade
3 overweight), but comparable with the
estimated effect of being moderately
overweight (grade 1 to 2).

In conclusion, the findings of this
study provide the strongest evidence to
date that long-term exposure to fine par-
ticulate air pollution common to many
metropolitan areas is an important risk
factor for cardiopulmonary mortality. In
addition, the large cohort and extended
follow-up have provided an unprec-
edented opportunity to evaluate asso-
ciations between air pollution and lung
cancer mortality. Elevated fine particu-
late air pollution exposures were asso-
ciated with significant increases in lung
cancer mortality. Although potential ef-
fects of other unaccounted for factors
cannot be excluded with certainty, the
associations between fine particulate air
pollution and lung cancer mortality, as
well as cardiopulmonary mortality, are

observed even after controlling for ciga-
rette smoking, BM], diet, occupational
exposure, other individual risk factors,
and after controlling for regional and
other spatial differences. '
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PETROGRAPHIC EVALUATION
of

Three Dust Samples and a Coal

Executive Summary

Three samples of dust accumulated over a period prior to June 25", 2002 from
different locations around Ms. Chimento’s residence (1200 North Pitt Street, Alexandria,
VA 22314) were evaluated using reflected-light optical microscopy to establish the
nature, relative composition and source of the dust. Ms. Chimento’s residence is located
near the Merant Plant, Potomac Generating Station in Alexandria, Virginia and it is of
some interest to know whether the dust may be coming from the plant or elsewhere.
Because the Merant Plant is coal-fired a sample of coal from along the rail road tracks

leading to the plant was obtained for comparison with any coal or coal-derived materials
found in the dust samples.

Basically dust samples were composed of <100 um diameter rock or mineral
fragments (agglomerates) and coal particles, as well as minor amounts of fly-ash, living
plant tissues and unidentifiable materials. Although the presence of coal in the dust
samples was unexpected, accumulation occurred about equally from the front and back
and 1% and 2" floor of the residence. Furthermore, evaluation of the reflected light
properties and relative composition of coal particles found in all of the dust samples
corresponded exactly to the spillage coal found along the rail road tracks servicing the
Merant Plant. Consequently, if there are no other sources using coal in the area and unit
trains of coal do not past through the area to other locations, then it is clear that a
significant amount of the dust accumulated on the window ledges and deck of Ms.
Chimento’s residence last June came from operations at the Merant Plant. An exact
source of coal dust from plant operations can not be determined, but may include rail

road car tops, dumping operations, stock piling and reclaiming, transportation, crushing
operations or all of the above.

.

From my understanding, these findings represent a departure from past thinking
which was directed primarily on stack emissions (fly-ash) as the root cause of dust
accumulation instead of a raw materials handling source. Some fly-ash materials were
found in all dust samples, but an insignificant amount compared to coal dust. Although it
was not possible to determine the rate of dust accurnulation or potential losses of coal
from the plant, it may be of interest to personnel at the Merant Plant both from a financial
point of view (valuable coal is being lost) as well as a service to the community.
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Introduction

From conversations with Ms. Chimento and Dr. Mark Badger, it was my
understanding that the neighborhood very near to the Merant Plant, Potomac Generating
Station in Alexandria, Virginia suffers from some degree of dust accumulation. The
question of interest to Ms. Climento was whether the dust may be coming from the coal-
fired power plant? Arrangements were made to obtain samples of freshly accumulated
dust from the neighborhood, as well as a coal sample from along the rail road tracks
leading to the plant. The coal sample may be helpful in determining the type of
carbonaceous fly-ash particles that could be expected from plant operations.

Four samples were provided to Dr. Badger in June of 2002 and were turned over
to Gareth Mitchell in July of 2002 for petrologic evaluation. Petrology is concerned with
the origin, occurrence, structure and history of rocks or materials and is a special
technique applied by the Coal & Organic Petrology Laboratories. In this investigation,
reflected-light optical microscopy was employed to determine the nature and content of

the material comprising three dust samples and a coal spillage sample from along the rail
road tracks that services the Merant Plant.

Procedures

Dust samples were collected during a period prior to June 25" 2002 from three
locations at Ms. Climento’s residence, including samples #1) a second floor rear window
ledge, #2) the back deck (2™ floor) and #3) the first floor window ledge (street side).
Over an undetermined amount of time dust was allowed to accumulate on waxed paper at
these locations, then the samples were carefully wrapped, placed in individual plastic
bags and shipped as collected. A fourth sample consisting of six, ~25 mm diameter
particles of coal were obtained from rail road tracks beside the Merant Plant.

When the waxed paper containing the dust was unfolded, very small particles of a
black material sparsely covered the surface. Approximately less than 0.1 mg of sample
was retrieved from dust samples #1 and #2 and slightly more from dust sample #3.
Particles from each paper were lightly scrapped or tappedinto a 1.0 mL flat-bottom
plastic vial (with lid). A small amount of a cold-setting epoxy resin was dripped into
each tube; particles were wetted with epoxy, placed in a vacuum to force out air bubbles
and spun in a centrifuge to concentrate the particles at the bottom of each tube. After
hardening, the plastic tube was removed and the epoxy cylinder was cut in half to expose
the sample. The halves were glued side-by-side in the bottom of a steel mold and more

epoxy was added to make a 25 mm diameter cylinder suitable for polishing and
microscopy.

The coal sample (all six particles together) was crushed to pass a 20 mesh sieve
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(having 0.85 mm openings), dried in an oven for 6 hours at 50°C and divided to about 50
g using a riffle. The coal was wetted with epoxy and placed into two 25 mm diameter
steel molds with end caps and pressed under 4000 psi pressure in accordance with the
ASTM D2797 method for the preparation of petrographic briquettes. After hardening
overnight, the coal cylinders were removed from the steel molds and prepared for
polishing.

Polishing followed the same procedure for all samples, although a little more care
was necessary with the dust samples. Samples were placed in a holder and ground on an
automatic lap using both 400 and 600 grit abrasive paper, then polished in two stages
using first 0.3 micron alumina slurry on high nap cloth and 0.05 micron alumina slurry on
a silk to form a flat, level surface suitable for reflected light microscopy. After polishing,
the samples were allowed to dry at least overnight over a desiccant.

All samples were inspected using a Zeiss Universal research reflectance
microscope with a vertical illuminator capable of delivering polarized, white-light to the
polished surface at 625X magnification (resolution of 1 to 2 pm). Immersion oil of 1.515
index of refraction was placed on the polished surfaces in a manner to form an interface
between the sample and microscope objective. The change in index of refraction
improves contrast among the different materials allowing for improved identification.
During this inspection the types of particles, size, shape and approximate composition
were evaluated and a decision was made regarding what, if any, analytical procedure
could be initiated. The observation of small coal particles in all of the dust samples
suggested that constituents should be photographed to compare with the coal sample.
This was done using the Zeiss Universal with 100 ASA TMAX black & white film. In
addition, the measurement of mean maximum vitrinite reflectance was employed to
establish whether there may be any correspondence between the coal sample collected
from along the rail road tracks and coal particles found in the dust samples.

To more fully understand the observations and analyses to be provided in this
report some background information is necessary. The organic (carbonaceous) fraction
of coal usually is derived from plant remains which have been altered first by bacteria
and fungi at the point of deposition and then by temperature, time and pressure as the
remains become buried deep in the earth. Coal type can be determined by accounting for

the different constituents or macerals that are derived from the different layers of plant
debris.

In general, coals are composed of three maceral groups (each containing many
different recognizable components) including, vitrinite, liptinite and inertinite as shown
in Plate IA and IB. Usually vitrinite-group macerals serve as the matrix for most coal,
was derived from the alteration of woody tissues by bacteria and fungi in the original peat
swamp, and results in a material that possesses thermoplastic properties in bituminous
coals. Liptinite-group macerals constitutes a collection of materials composed of waxes.
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resins, seed coats and lipids. which were highly resistant to decay in the original peat
swamp. Generally, liptinite macerals are highly reactive in thermal processes,
contributing much to low molecular weight volatile matter and little to the carbonaceous
residue. Inertinite macerals represent a group of materials that were highly altered in the
original peat swamp, either by thermal or biological oxidation. They are typically high in
carbon and oxygen content, are generally inert with respect to thermoplasticity and are
often recognizable in the residues from thermal processes, i.e., fly ash, metallurgical
coke, etc.

Another characteristic of coal is the rank that it has attained through out burial by
being exposed to elevated temperatures for significant periods of time. A common
classification of coal rank is provided by the ASTM D388 standard that identifies coals as
lignite, subbituminous, bituminous or anthracite. Using this system a coal’s rank can be
determined by measured values of calorific value or fixed carbon and volatile matter and
agglomerating character. Another technique that has been used to define a coal’s rank is
the measure of the amount of light reflected from the polished surface of vitrinite. This

technique is particularly valuable when there is insufficient sample to determine rank by
standard techniques.

Measurement of the mean maximum vitrinite reflectance was conducted on
polished samples following the appropriate ASTM procedure (D2798). Analysis was
conducted using a Leitz MPV2 research microscope photometer system at 625X
magnification using polarized white-light and oil immersion. The photometer system
was calibrated using a series of glass standards of know reflectance. The procedure
requires the identification of individual particles of vitrinite in a grid-like fashion across
the polished surface. Each particle was brought into focus, and while the incident light
reflecting from the surface is directed to the photometer, the particle (stage) is rotated
360° and a maximum reflectance reading recorded. To determine the mean maximum
reflectance of a coal 100 individual readings are recorded and the mean value and
distribution of reflectance readings reported. The quality of the polished surface, the
presence of other macerals, additives or weathered coal particles can have a profound
influence on the recorded values. When performed in accordance with the ASTM

standard, maximum reflectance values obtained by a given laboratory are repeatable to
0.02% actual reflectance.

-

Mean maximum vitrinite reflectance was performed in accordance with the above
procedure for coal sample #4. However, because of the size, composition and sparsity of

coal particles in the dust samples only a small sampling of particles was possible. These
results are given in Figures 1 and 2.

Results

Inspection of the crushed coal sample under an optical microscope suggested that
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it may be a blend of two different high volatile A bituminous coals that are very similar
in rank (see Plate T). This observation was based upon appearance, maceral associations
and the relatively broad distribution of reflectance readings (ranging from 0.70 % to 1.12
%) as shown in Figure 1. The higher-reflecting coal particles tended to have a greater
amount of fine size inertinite (micrinite) and the liptinite macerals appeared gray rather
than black, whereas the low-reflecting coal particles exhibited thicker bands of vitrinite
and were characterized by fairly high inertinite and liptinite content. See the comparison
in Plate IC. Although some of the lower reflecting coal particles exhibited features of
weathering (Plate ID), it was not possible to determine where the weathering occurred,
1.e., along the rail road tracks, at the mine, during transit and storage, etc.

In general, all of the dust samples were composed of very nearly the same
constituents in approximately the same relative order of concentration by volume. The
most common component of the dust samples was aggregates of individual minerals,
such as aluminosilicate clay-size particles (Plate IIA), fragments of quartz and/or
carbonate (Plate IIIA), some iron oxide (rust, Plate IVB), and many mineral particles that
remain unidentified. Because most of these particles were angular they did not appear to
have been derived directly from thermal processes like stack emissions, but were
probably normal airborne particles. The next most common component was fine,
angular, non-thermally reacted coal particles (see Plate IIB, IIIA and IVA). Some
particles, like that illustrated in Plate IIC, appeared to have been thermally altered and
devolatilized. As seen in the photomicrographs and in Figure 2, coal particles found in
the dust samples were very similar in composition and reflectance to the coal collected
from along the rail road tracks. Finally, the last two components of the dust samples
observed in much lower concentration included fly-ash like char particles (balloon-
shaped or collapsed particles with relatively thin porous walls of high-reflecting and
anisotropic carbon) and tissues from living plants (Plate IIID). Fly-ash particles like
those seen in Plate 1ID, IIIC, IVC & D often exhibited a granular texture in crossed-
polarized light which is characteristic of the 1-2 micron size anisotropic texture inherited
from the rapid heating of a bituminous coal.

Because of the small amount of each dust sample and the difficulty of ensuring a
representative sampling, no attempt was made to quantify the concentration of the major
particle types observed beyond what has been given. However, owing to the fact that
mineral components have a significantly higher density than carbonaceous materials, by
weight the mineral components would constitute most of the sample followed very
closely by coal particles. The occurrence of other materials like fly-ash, plant tissues and
unidentifiable materials, although persistent was not significant. In addition, the two-
dimensional cross-section of particles was measured along the shortest dimension to give
some idea of particle size for each of the components. In general, the mean diameter of
mineral particles was greatest at 65 pum, coal particles averaged about 45 um and mean
fly-ash particle diameter was 30 pm. Measured particle sizes ranged from below 10 to
100 um and can be considered to be very fine sand to coarse silt.

P AR 1 4




Summaryv

Using a petrographic technique to investigate the nature of the contents of dust
samples collected last June at Ms. Chimento’s residence has revealed a significant
presence of coal dust on a volume basis. While it is not possible to determine the
magnitude of the coal dust problem in the neighborhood from this investigation, it
appeared to be sufficiently common in June 2002 that accumulation occurred at about
equal amounts on two sides of a house and between the first and second floor. Also, the
fact that the reflectance of coal particles (vitrinite matrix) in all of the dust samples had
the same distribution as spillage coal along the rail road tracks servicing the Merant Plant
(and if there is no other source using coal in the general vicinity) suggests that the coal
fines may be coming from the coal delivery, handling or preparation part of plant
operations.

Recommendations

These findings represent a departure from past thinking, in that past efforts have
focused primarily on stack emissions (fly-ash) as the root cause of dust accumulation,
whereas this investigation suggests a raw materials handling source. Some fly-ash
materials were found in all dust samples, but a relatively insignificant amount compared
to coal dust. If there are no other sources using coal in the area and unit trains of coal do
not pass through the area to other locations, then it is clear that a significant amount of
the dust accumulated on window ledges and deck last June came from operations at the
nearby Merant Plant.

From this study, it is not possible to determine the exact source of coal dust, i.e.,
from rail road car tops, dumping operations, stock piling and reclaiming, transportation,
crushing operations or all of the above. Also it is not possible to determine the rate of
dust accumulation or really the potential losses of coal from plant operations from this
study, but personnel at the Merant Plant may be interested in these findings. Getting a
handle on these losses may be beneficial from a financial point of view (valuable coal is
being lost) as well as a service to the community.
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Description of Photomicrographs

Plate I — Sample #4, Spillage coal from along rail road tracks

A.

D.

A coal particle that illustrates the diverse nature of coal and showing examples of
the vitrinite- (v), liptinite- (1) and inertinite- (i) group macerals. Notice how
vitrinite serves as the particle matrix for the other maceral groups or can be found
as individual layers free of other macerals.

A coal particle having a high concentration of inertinite (i) and with minor
amounts of vitrinite (v) and liptinite (1).

Comparison of the higher- (left) and lower- (right) reflecting coal particles found
in Sample #4 which suggests that two different high volatile A bituminous coals
may have been sampled from the tracks.

The uneven and darkened edge of this coal particle is characteristic of weathering.

Plate II — Sample #1, Dust from back deck window ledge 2" floor

A.

B.

Granular texture, poor polish, relatively low reflectance and internal reflection are
characteristic features of aluminosilicate clay particles.

Edge of fairly large coal particle containing high reflecting inertinite (i) as found
in this dust sample.

This appears to be a remnant of a coal particle that has been heated to a point at
which volatile matter is given off and the vitrinite matrix has become
thermoplastic. Note the rounded vacuoles in the particle interior.

Combustion char particle (crassinetwork) from a high rank bituminous coal that
has developed a submicron anisotropic texture during thermal processing.

Plate III — Sample #2, Dust from 2" floor back deck

A.

B.

A small coal particle (left) beside a clay particle (right) bearing fragments of
quartz and carbonate. .

A high vitrinite containing coal particle exhibiting collapsed cell structure (thin
black lines represent areas between cell walls).

A typical thick-walled cenosphere (crassisphere) derived from coal combustion.
Note the high reflecting wall structure has many small gas vacuoles in addition to
the one large pore near the center.

Cell wall tissue from a living plant.
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Plate IV — Sample #3, Dust from front 1* floor window ledge (street side)

A.

B
C.
D

The edge of a relative large coal particle with a high inertinite content and very
similar to coal sample #4 as seen in Plate IB.

Several rust particles found in this dust sample and generally composed of iron
oxide that is partially hydrated (lower reflecting edge).

A typical coal combustion char particle (crassinetwork) exhibiting a granular
texture as a result of optical anisotropy.

Another classic thick-walled cenosphere (crassisphere) derived from coal
combustion.




10

Figure 1 — Mean Maximum Vitrinite Reflectance and Distribution of Coal Particles
Collected from Along Rail Road Tracks Beside the Merant Plant
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Figure 2 — Maximum Reflectance Readings on Coal Particles Found in Three
Dust Samples Compared with Coal Found Beside the Rail Road Tracks
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COMMONWEALTH OF VIRGINIA
DEPARTMENT OF ENVIRONMENTAL QUALITY

MEMORANDUM
TO: Charles D. Forbes (DEQ/NVRO)
FROM: Kelly Lease, Air Compliance Inspector, NVRO

SUBJECT: Analysis of Dust Samples Taken at 1200 and 1202 Pitt Street, Alexandria, Virginia
DATE: June 10, 2003

The purpose of this memo is to present the analytical results for dust samples collected in response to
citizen complaints regarding particulate emissions from Mirant's Potomac River Generating Statiop, a coal-
fired power plant located within the City of Alexandria. Dust samples were collected from areas in the
front and rear of residences at 1200 and 1202 Pitt Street in Alexandria at the request of Ms. Elizabeth
Chimento, a resident of 1200 Pitt Street. Her residence is approximately one-quarter mile from the plant.

The samples were collected on April 22, 2003, by Ms. Kelly Lease and Mr. David Hartshorn with the
Department's Northern Virginia Regional Office (NVRO). In addition to Ms. Chimento, Mr. Poul Hertel,
also an Alexandria resident, was present during the sampling event. The samples were delivered to the
Department's Office of Air Quality Assessment, with an unbroken chain of custody.

The samples were visually examined using a polarizing light microscope at 150 times magnification. The
results of this examination are attached. To summarize these results and follow up discussions with the
analyst of record, uncombusted coal dust was estimated to constitute up to 50 percent of each sample. Coal
combustion products were also present, including partially combusted coal and partially fused ash, at
approximately 10 percent of each sample. These combustion products appeared to have not beeq exposed
to high temperature. It should be noted that this analysis has the following limitations: a) a particle count
was not performed; and b) as black particles, coal dust stands out against lighter particles of other materials.
This can result in over-estimating their relative proportion within the sample. The remainder of the.
constituents in the sample were either biological (e.g., pollen, fungus, algae, stellate hairs) or materials
common to urban environments (e.g., asphalt, mineral particulate, rubber, fibers, paint, wood dust).

[n reviewing these results, it is important to note that these results cannot be considered quantitative. The
sampling methodology used (i.e., simply brushing dust from surfaces into vials) does not support defensible
conclusions regarding constituent concentrations in ambient air, nor when materials found in the sample
were generated. Furthermore, no chemical analysis was performed on the samples. Simply put, NVRO
can make no formal determination regarding the compliance status of the Potomac River Generating
Station as a result of this sampling, but the results warrant further disciissions with Mirant and closer
monitoring of the facility. To this end, and with your approval, NVRO's compliance inspection strategy for
the Potomac River Facility will be modified to focus attention on coal-handling procedures and particulate
emission control features at the facility. A meeting with Mirant will be scheduled to discuss this report and
review the operating records and current conditions at the plant. At this time, the pertinent dust control
regulations (9 VAC 5-40-90 - Standard for Fugitive DustEmissions) will be reviewed.

cc: Carolyn Stevens (DEQ Office of Air Quality Assessment)
Lalit Sherma (Alexandria Health Department)
Debra Knight (Mirant Mid-Atlantic, LLC)

\Air Compliance\Correspondence - Letters and Memostinternal\sampling'dust @ Pitt St, Alexandria kl.doc




Yirginia Dept. of Environmental Quality Submittal No. M0498
Office of Air Quality Assessment
Miccoscopic Analysis Form

Submitted by: Keily Leasc

Date sample received: 5/14/03

Sample description: Twelve vizals contaiuing sample matenal collected from 1200 and 1202 Pit
Street in Alexandria, VA, ia response to 2 citizen complaint

Analytical results: (Include date of completion of analysis and signature of responsible party)

Identified:

1 Vial labeled “Glass Table Deck™: Sample moderate to large amounts of usphalt. coal

dus:, mineral particulate (quartz. biotite, calcite, clay, etc), pollen, fungus. assorted
fibers, rubber, coal combustiorn products i
2. Vial labeled *1200 Front Wincow”: Sample contained moderate t¢ Jarge amounts pt
asphalt, pollen, coal dust, mineral particulate; smailer amounts of algae, paint, patially
fused ash, rubber
3. Vil labeled “1202 Window Ledge™: Sarmpls contained moderate to large amouats
asphalt, mineral pacticulate, polien, stellate hairs, coal dust; smaller amounts of coal
combustion products, fungus
Vial labeled 1202 Entry”: Sample contzined modcrate to large amounts of asphalt,
pollen, mincral particulate, coal dust. wood dust, stellate hairs: smaller amounts of
assorted fibers, paiat, coal combustion products, rubber, partially fused ash

n

5. Vial labeied #1202 EnTyway”: Same as #4, including some fungus

6 Vhal labeled “1200 Entryway™ Sameas #4

7. Vial labeled *1200 E Entry™: Sameas#4° )

8 Vial 1abeled *1202 Front Window™: Samplc contained mostly pollen; also contamed

aspaalt, mineral particulate, coal dust, stellate hairs, paint, coal combustion products,
fungus

9. Vial labeled *'1200 Side Window”: Sample contained mostly pollen; also contained
asphalt, coal dust, mineral particulate, rubber, ccal combuston products

10. Vial labe'ed “Rear Windowsill”; Sample contained mostly pellen; also contained
small amounts of coal dust, coa: combustion products, stellate hairs

Two samples, “1200 Front Window™ and “Rear Windowsill”, were collected on tape, and could

not be analyzed. Most of the coal contained in the samples did not appear to have been exposed
to any combustion process.

1 fherr—=
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COMMONWEALTH OF VIRGINIA
STATE AIR POLLUTION CONTROL BOARD
REGULATIONS FOR THE CONTROL AND ABATEMENT OF AIR POLLUTION

9 VAC 5 CHAPTER 40.
EXISTING STATIONARY SOURCES.

PART Il
Emission Standards.

ARTICLE 1.
Visible Emissions and Fugitive Dust/Emissions (Rule 4-1).

9 VAC 5-40-60. Applicability and designation of affected facility.
9 VAC 5-40-70. Definitions.

9 VAC 5-40-80. Standard for visible emissions.

9 VAC 5-40-90. Standard far fugitive dust/emissions.
9 VAC 5-40-100.  Monitoring.

9VAC 5-40-110.  Test methods and procedures.
9 VAC 5-40-120.  Waivers.
9 VAC 5-40-60. Applicability and designation of affected facility.

A. The affected facilities to which the provisions of this article apply are the
following:

1. Each source of visible emissions; and
2. Each source of fugitive dust/emissions.
B. The provisions of this article apply throughout the Commonwealth of Virginia.

9 VAC 5-40-70. Definitions.

A. For the purpose of these regulations and subsequent amendments or any

orders issued by the board, the words and terms shall have the meaning given them in
subsection C of this section.

B. As used in this article, all terms not defined here shall have the meaning

given them in 9 VAC 5 Chapter 10 (9 VAC 5-10-10 et seq.), unless otherwise required by
context.

C. Terms defined.

"Fugitive dust" means particulate matter composed of soil or other‘materials,
or both, of natural origin. Fugitive dust may include emissions from haul roads, wind
erosion of exposed surfaces and storage piles and other activities in which the material is
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either removed, stored, transported or redistributed.

"Fugitive emissions" means emissions which are generated by indu'strial or
other activities and which do not pass through a stack, chimney, vent or other functionally
equivalent opening, but which may escape from openings (such as windows, doors,
ill-fitting closures or poorly maintained equipment) or material handling equipment.

"Opacity" means the degree to which emissions reduce the transmission of
light and obscure the view of an object in the background, expressed as a percentage.

"Six-minute period” means any one of the 10 equal parts of one hour or a
one-hour period, as may be applicable.

9 VAC 5-40-80. Standard for visible emissions.

Unless specified otherwise in this part, no owner or other person sha.ll cause or
permit to be discharged into the atmosphere from any affected facility any visible
emissions which exhibit greater than 20% opacity, except for one six-minute pgnod in any
one hour of not more than 60% opacity. Failure to meet the requirements pf this section
because of the presence of water vapor shall not be a violation of this section.

9 VAC 5-40-90. Standard for fugitive dust/emissions.

No owner or other person shall cause or permit any materials or property to be
handled, transported, stored, used, constructed, altered, repaired or demohshed without
taking reasonable precautions to prevent particulate matter from becoming airborne. Such
reasonable precautions may include, but are not limited to, the following:

1. Use, where possible, of water or chemicals for control of dustin the

demolition of existing buildings or structures, construction operations, the grading of roads
or the clearing of land.

2. Application of asphalt, water, or suitable chemicals on dirt (oads,
materials stockpiles and other surfaces which may create airborne dust; the paving of
roadways and maintaining them in a clean condition.

3. Installation and use of hoods, fans and fabric filters to enclose and

vent the handling of dusty materials. Adequate containment methods shall be employed
during sandblasting or other similar operations. 2

4. Open equipment for conveying or transporting material; likely to
create objectionable air pollution when airborne shall be covered or treated in an equally
effective manner at all times when in motion.

5. The prompt removal of spilled or tracked dirt or other materials from
paved streets and of dried sediments resulting from soil erosion.

4-1:2




9 VAC 5-40-100.  Monitoring.

A. Unless otherwise approved by the board, all continuous monitoripg systems
required by this article shall be installed, calibrated, maintained and operated in

accordance with applicable requirements in 9 VAC 5-40-40 and 9 VAC 5-40-41.

B. Each owner required to install a continuous monitoring system shall prov_ide
notifications and reports and maintain records and monitoring results in accordance with
the requirements of 9 VAC 5-40-50.

C. In cases where the requirements of 9 VAC 5-40-40 and 9 VAC 5-40-41 are

not appropriate for a particular source type, the owner shall comply with other procedures
acceptable to the board.

9VAC 5-40-110.  Test methods and procedures.

The provisions of 9 VAC 5-40-20 A 2 apply to determine compliance with the
standard prescribed in 9 VAC 5-40-80.

9VAC 5-40-120. Waivers.

A. A waiver from the opacity emission limitation in 9 VAC 5-40-80 may be
granted by the director, provided that a technical decision is reached that the plume
opacity observations made in accordance with 9 VAC 5-40-20 and 9 VAC 5-40-110 are
not representative of the pollutant loading of the plume.

B. Upon granting the above waiver, the director shall require one or more

alternate source surveillance methods, which may include, but are not limited to, the
following:

1. Requiring the owner to install, calibrate, maintain and operate .
systems for continuously monitoring and recording emissions of specified pollutants in
accordance with 9 VAC 5-40-40 and 9 VAC 5-40-100.

2. Requiring the owner to conduct, at specified intervals, emission tests
for measuring emissions of specified pollutants in accordance with 9 VAC 5-40-30.

3. Establishing an opacity emission limitation for the' facility based on a
correlation between tests of visible and other specified pollutant emissions.

C. The waiver may be granted for an indefinite period of time; however,
approval may be withdrawn by the director:

1. For failure to adhere to any terms or conditions of the waiver,

2. If the affected facility is found to be in violation of any applicable
emission standard; or

4-1:3




3. For failure to conduct or adhere to any alternate source surveillance
method required for waiver approval.

HISTORICAL NOTES:

Derived from: Rule 4-1 of Part IV of VR 120-01 (§ 120-04-0101 through § 120-04-0107)

Effective Date: March 17, 1972
Promulgated: March 17, 1972
Amended:. August9, 1975
Amended: October 6, 1978
Amended: August 3, 1979
Amended: October 5, 1979
Amended: January 1, 1985
Amended: February 1, 2003

REG\VAC\401
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STATEMENT

Syno’bsis of the Particle Epidemiology Reanalysis Project

BACKGROUND

Epidemiologic work conducted over several
decades has suggested that long-term residence in
cities with elevated ambient levels of air pollution
from combustion sources is associated with
increased mortality. Subsequently, two prospec-
tive cohort studies, the Six Cities Study (as
reported in Dockery et al 1993) and the American
Cancer Society (ACS) Study (as reported in Pope et
al 1995) estimated that annual average all-cause
mortality increased in association with an increase
in fine particles (all particles less than 2.5 ym in
median aerodynamic diameter [PM, s]).

As part of the Six Cities Study, Dockery and col-
leagues (1993) had prospectively followed a cohort
of 8,111 adult subjects in northeast and midwest
United States for 14 to 16 years beginning in the
mid-1970s. The authors found that higher ambient
levels of fine particles and sulfate (SO,27) were
associated with a 26% increase in mortality from
all causes when comparing the most polluted to the
least polluted city, and that an increase in fine par-
ticles was also associated with increased mortality
from cardiopulmonary disease. The relative risks
in all-cause mortality were associated with a differ-
ence (or range) in ambient fine particle concentra-
tions of 18.6 pg/m? and a difference of ambient
sulfate concentrations of 8.0 pg/m3, comparing the
least polluted city to the most polluted city.

In the much larger ACS Study, Pope and col-
leagues (1995) followed 552,138 adult subjects in
154 US cities beginning in 1982 and ending in 1989
(3 cities did not overlap between the 151 and
50 cities studied, resulting in a total of 154 cities).
Again, higher ambient levels of fine particles were
associated with increased mortality from all causes
and from cardiopulmonary disease in the 50 cities
for which fine particle data were available (sam-
pled from 1979 to 1983). Higher ambient sulfate
levels were associated with increased mortality

from all causes, cardiopulmonary disease, and
lung cancer in the 151 cities for which sulfate data
were available (sampled from 1980 to 1982). The
difference between all-cause mortality in the most-
polluted city and the least-polluted city was 17%
and 15% for fine particles and sulfate, respectively
(with a range of 24.5 pg/m? for fine particles and of
19.9 pg/m? for sulfate).

Both of these studies came under intense scru-
tiny in 1997 when the EPA used the results to sup-
port new National Ambient Air Quality Standards
for fine particles and to maintain the standards for
particles less than 10 ym in median aerodynamic
diameter (PM;) already in effect. Members of
Congress and industry, the scientific community
and others interested in regulation of air quality
scrutinized the studies’ methods and their results.
Some insisted that any data generated using fed-
eral funding should be made public. Others
argued that these data had been gathered with
assurances of confidentiality for the individuals
who had agreed to participate and that the concept
of public access to federally funded data did not
take into account the intellectual property rights of
the investigators and their supporting institutions.
To address the public controversy, Harvard Uni-
versity and the ACS requested that the Health
Effects Institute organize an independent reanal-
ysis of the data from these studies. Both institu-
tions agreed to provide access to their data to a
team of analysts to be selected by HEI through a
competitive process.

-
A

APPROACH

To conduct the reanalysis, the HEI Board of
Directors, with support from the EPA, industry,
Congress, and other stakeholders, appointed an
Expert Panel chaired by Dr Arthur Upton from the
University of Medicine and Dentistry of New
Jersey and former Director of the National Cancer

This Statement, prepared by the Health Effects Institute, is a summary of a research project conducted by the Reanalysis Team, led by Dr
Daniel Krewski at the University of Ottawa. The following Special Report contains the detailed Investigatocs’ Report (Summary. Introduc-
ton, and Parts 1 and [N}, Commentary on the project prepared by a special panel of the Institute's Health Review Committee, and Comments
on the Reanalysis Project by the Original Investigators (Drs Douglas W Dockery, C Arden Pope Ol et al).

Particle Epidemiology Reanalysis Project © 2000 Health Effects Institute, Cambridge MA i




Particle Epidemiology Reanalysis Project

Institute. The Expert Panel selected competitively
a Reanalysis Team—led by Dr Daniel Krewski of
the University of Ottawa—and oversaw all aspects
of the team’s work. They were assisted in their
oversight efforts by a broad-based Advisory Board
of knowledgeable stakeholders and scientists who,
in the project’s early stages, provided extensive
advice to the Expert Panel on the key questions to
be analyzed. The final results of the Reanalysis
Team were intensively and independently peer
reviewed by a Special Panel of the HEI Health
Review Committee, which was chaired by Dr Mil-
licent Higgins of the University of Michigan.

The overall objective of what became the Par-
ticle Epidemiology Reanalysis Project was to con-
duct a rigorous and independent assessment of
the findings of the Six Cities and ACS Studies of
air pollution and mortality. This objective was
met in two parts. In Part I: Replication and Valida-
tion, the Reanalysis Team sought to replicate the
original studies via a quality assurance audit of a
sample of the original data and to validate the
original numeric results. In Part II: Sensitivity
Analyses, they tested the robustness of the orig-
inal analyses to alternate risk models and analytic
approaches.

RESULTS AND IMPLICATIONS

PART I: REPLICATION AND VALIDATION

«  An extensive audit of the study population
data for both the Six Cities and ACS Studies
and of the air quality data in the Six Cities
Study revealed the data to be of generally high
quality with a few exceptions. In both studies,
a few errors were found in the coding and
inclusion of certain subjects; when those sub-
jects were included in the analyses, they did
not materially change the results as originally
reported. Because the air quality data used in
the ACS Study could not be audited, a sepa-
rate air quality database was constructed for
the sensitivity analyses described in Part II.

¢ The Reanalysis Team was able to replicate the
original results in both studies using the same
data and statistical methods as used by the Orig-
inal Investigators. The Reanalysis Team con-
firmed the original point estimates: For the Six

Cities Study, they reported the relative risk of
mortality from all causes associated with an
increase in fine particles of 18.6 pg/md as 1.28,
close to the 1.26 reported by the Original Inves-
tigators. For the ACS Study, the relative risk of
mortality from all causes associated with an
increase in fine particles of 24.5 pg/m® was 1.18
in the reanalysis, close to the 1.17 reported by
the Original Investigators.

PART II: SENSITIVITY ANALYSES

Once the original results of the studies had been
validated, the Reanalysis Team sought to test an
array of different models and variables to deter-
mine whether the original results would remain
robust to different analytic assumptions.

e  First, the Reanalysis Team used the standard
Cox model used by the Original Investigators
and included variables in the model for which
data were available from both original studies
but had not been used in the published analy-
ses (eg, physical activity, lung function, mari-
tal status). The Reanalysis Team also designed
models to include interactions between vari-
ables. None of these alternative models pro-
duced results that materially altered the
original findings.

e  Next, for both the Six Cities and ACS Studies,
the Reanalysis Team sought to test the possi-
ble effects of fine particles and sulfate on a
range of potentially susceptible subgroups of
the population. Although different subgroups
did show some variation in their estimated
effects, the results were not statistically signif-
icant with one exception. The estimated
effects of fine particles did appear to vary with
educational level; the association between an

sincrease in fine particles and mortality tended
to be higher for individuals without a high
school education than for those who had com-
pleted high school or for those with more than
a high school education.

o Inthe ACS study, the Reanalysis Team tested
whether the relationship between ambient
concentrations and mortality was linear. They
found some indications of both linear and
nonlinear relationships, depending upon the
analytic technique used, suggesting that the
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issue of concentration-response relationships
deserves additional analysis.

In the Six Cities Study where data were avail-
able, the Reanalysis Team tested whether
effect estimates changed when certain key risk
factors (smoking, body mass index, and air
pollution) were allowed to vary over time.
One of the criticisms of both original studies
has been that neither analyzed the effects of
change in pollutant levels over time. In gen-
eral, the reanalysis results did not change
when smoking and body mass index were
allowed to vary over time. The Reanalysis
Team did find for the Six Cities Study, how-
ever, that when the general decline in fine par-
ticle levels over the monitoring period was
included as a time-dependent variable, the
association between fine particles and all-
cause mortality dropped substantially, but the
effect continued to be positive and statisti-
cally significant.

Using its own air quality dataset constructed
from historical data to test the validity of the
original ACS air quality data, the Reanalysis
Team found essentially the same results.

Any future analyses using the sulfate data
should take into account the impact of artifac-
tual sulfate. Sulfate levels with and without
adjustment differed by about 10% for the Six
Cities Study. Both the original ACS Study air
quality data and the newly constructed
dataset contained sulfate levels inflated by
approximately 50% due to artifactual sulfate.
For the Six Cities Study, the relative risks of
mortality were essentially unchanged with
adjusted or unadjusted sulfate. For the ACS
Study, adjusting for artifactual sulfate resulted
in slightly higher relative risks of mortality
from all causes and cardiopulmonary disease
compared with unadjusted data. The relative
risk of mortality from lung cancer was lower
after the data had been adjusted.

Because of the limited statistical power to con-
duct most sensitivity analyses for the Six Cit-
ies Study, the Reanalysis Team conducted the
majority of its sensitivity analyses using only
the ACS Study dataset with 154 cities. In that
dataset, when a range of city-level (ecologic)
variables (eg, population change, measures of
income, maximum temperature, number of

hospital beds, water hardness) were included
in the analyses, the results generally did not
change. Two exceptions were that associations
for both fine particles and sulfate were
reduced when city-level measures of popula-
tion change or sulfur dioxide were included in
the model.

e A major contribution of the Reanalysis Project
is the recognition that both pollutant variables
and mortality appear to be spatially correlated
in the ACS Study dataset. If not identified and
modeled correctly, spatial correlation could
cause substantial errors in both the regression
coefficients and their standard errors. The
Reanalysis Team identified several methods
for dealing with this, all of which resulted in
some reduction in the estimated regression
coefficients. The full implications and inter-
pretations of spatial correlations in these anal-
yses have not been resolved and appear to be
an important subject for future research.

*  When the Reanalysis Team sought to take into
account both the underlying variation from
city to city (random effects) and the spatial
correlation between cities, only sulfur dioxide
as a city-level variable continued to decrease
the originally reported associations between
mortality and fine particles or sulfate. This
effect was more pronounced for sulfate.

e When the Reanalysis Team conducted spatial
analyses of sulfur dioxide, the association
between sulfur dioxide and mortality per-
sisted after adjusting for sulfate, fine particles,
and other variables.

e As aresult of these extensive analyses, the
Reanalysis Team was able to explain much of
the variation between cities, but some unex-
plained city-to-city variation remained.

.

CONCLUSIONS

The Reanalysis Team designed and imple-
mented an extensive and sophisticated series of
analyses that included a set of new variables, all
the gaseous copollutants, and the first attempts to
apply spatial analytic methods to test the validity
of the data and the results from the Six Cities
Study and the ACS Study. Overall, the reanalyses
assured the quality of the original data, replicated
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the original results, and tested those results against
alternative risk models and analytic approaches
without substantively altering the original find-
ings of an association between indicators of partic-
ulate matter air pollution and mortality.

At the same time, the reanalyses did extend and
challenge our understanding of the original results
in several important ways.

e The Reanalysis Team identified a possible
modifying effect of education on the relation
between air quality and mortality in that esti-
mated mortality effects increased in the sub-
group with less than high school education.

e The use of spatial analytic methods suggested
that, when the analyses controlled for correla-
tions among cities located near one another, the
associations between mortality and fine parti-
cles or sulfate remained but were diminished.

e An association between sulfur dioxide and
mortality was observed and persisted when
other possible confounding variables were
included; furthermore, when sulfur dioxide
was included in models with fine particles or
sulfate, the associations between these pollut-
ants (fine particles and sulfate) and mortality
diminished.

In reviewing these results, the Special Panel of
the HEI Health Review Committee identified the
following factors to consider when interpreting
the results from the Reanalysis Team.

¢ The inherent limitations of using only six cit-
ies, understood by the Original Investigators,
should be taken into account when interpret-
ing results of the Six Cities Study.

¢ The Reanalysis Team did not use data
adjusted for artifactual sulfate for most alter-
native analyses. When they did use adjusted

sulfate data, relative risks of mortality from
all causes and cardiopulmonary disease
increased. This result suggests that more
analyses with adjusted sulfate might resultin
somewhat higher relative risks associated
with sulfate.

 Findings from spatial analyses applied to the
ACS Study data need to be interpreted with
caution; the spatial adjustment may have
overadjusted the estimated effect for regional
pollutants such as fine particles and sulfate
compared with the effect estimates for more
local pollutants such as sulfur dioxide.

e After the Reanalysis Team completed its spa-
tial analyses, residual spatial variation was
still noticeable; this finding suggests that
additional studies might further refine our
understanding of the spatial patterns in both
air pollution and mortality.

«  No single epidemiologic study can be the
basis for determining a causal relation
between air pollution and mortality.

In conclusion, the Reanalysis Team interpreted
their findings to suggest that increased relative
risk of “mortality may be attributed to more than
one component of the complex mix of ambient air
pollutants in urban areas in the United States”.
The Review Panel concurs. In the alternative anal-
yses of the ACS Study cohort data, the Reanalysis
Team identified relatively robust associations of
mortality with fine particles, sulfate, and sulfur
dioxide, and they tested these associations in
nearly every possible manner within the limita-
tions of the datasets. Future investigations of
these issues will enhance our understanding of
the effect of combustion-source air pollutants (eg,
fine particles, sulfate, and sulfur dioxide) on
public health.
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Effects of Metals Bound to Particulate Matter on
Human Lung Epithelial Cells

INTRODUCTION

[nhaled particulate matter has been associated
with both acute and chronic health effects. Concerns
about these effects derive primarily from epidemio-
logic studies that associate short-term increases in
particle concentration with increases in daily mor-
bidity and mortality from respiratory and cardio-
vascular diseases. Over the past decade much research
has been directed toward identifying plausible mech-
anisms linking particulate matter and pathophysio-
logic effects. Although progress has been made, many
critical aspects are not understood. Thus, studies of
the properties of particles that might induce patho-
logic effects are critical to establishing the mecha-
nisms of particulate matter toxicity and to producing
information necessary to target regulation of the
sources that generate the most toxic particles.

Studies using laboratory animals have implicated
metals associated with particulate matter in adverse
health effects. Coal-fired power plants produce par-
ticulate residues called fly ash. Coal contains metals
that vaporize during combustion and then condense
on the surface of the ash. Inhaled coal fly ash could
be a health hazard because metals solubilized from
fly ash within lung cells may cause toxic reactions.

APPROACH

Dr Ann Aust and colleagues at Utah State
University, the University of Utah, the University of
California, Davis, and Ford Motor Company hypoth-
esized that transition metals (metals that can par-
ticipate in possibly toxic oxidative reactions)
associated with particulate matter are released within
lung epithelial cells and catalyze the formation of
reactive oxygen species. Reactive oxygen species
can stimulate epithelial cells to produce inflam-
matory mediators that contribute to lung inflam-
mation and injury. The investigators focused their

study on coal fly ash that was produced in the labo-
ratory and separated into four size fractions. (They
also performed experiments using particles from gaso-
line and diesel exhaust, natural soils, and ambient
Utah air) This multifaceted study focused mainly on
the ability of iron (the major transition metal in coal
fly ash) to produce reactive oxygen speciesand inflam-
matory mediators in cultured lung epithelial cells.

RESULTS AND INTERPRETATION

This study was performed by experienced inves-
tigators with demonstrated excellence in the area
of metal-catalyzed oxidative stress and particle-
associated injury. The study was of high scientific
quality, was well conceived and executed, and adds
substantially to our knowledge of the biologic prop-
erties of particles.

Aust and colleagues found that more iron was
released from the smaller particles than from larger
ones. They confirmed that soluble extracts of coal fly
ash generated reactive oxygen species in vitro and
that transition metals were likely responsible. Further,
the smallest particles, which were rich in iron, were
the most active. The investigators then examined the
effects of coal fly ash on human lung epithelial cells
in culture. First, they demonstrated that coal fly ash
particles entered the cells and stimulated synthesis
of the protein ferritin. Ferritin bindsironand is pro-.
duced in response to increasing iron levels; thus, its
presence indicates that iron was released intracel-
lularly and that iron was available to provoke an
inflammatory response by forming reactive oxygen
species. The investigators obtained indirect evidence
for formation of intracellular reactive oxygen species
by demonstrating that lung epithelial cells exposed
to coal fly ash synthesized the inflammatory medi-
ator interleukin-8. Ferritin and interleukin-8 pro-
duction were stimulated to a greater degree by smaller
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particles than by larger ones. Thus, the investigators
provided a plausible connection among the intracellu-
lar release of a transition metal from particles, forma-
tion of reactive oxygen species, and lung inflammation.

These findings may be important. To confirm their
in vitro results, Aust and colleagues will measure fer-
ritin levels in lung tissue and fluids from rats exposed
to coal fly ash. The current results that smaller particles
had greater effects supports the epidemiologic studies
on the adverse effects of fine and ultrafine particles.

Other components or properties of particles have also
been proposed to cause lung injury; therefore, there
may be multiple mechanisms by which inhaled parti-
cles produce adverse health effects. Further research
to identify particle characteristics (and sources) respon-
sible for particulate matter toxicity is important for
developing increasingly effective and appropriate air
quality regulations, as noted in HEI Perspectives,
Understanding the Health Effects of Components of the
Particulate Matter Mix: Progress and Next Steps.

Particle Characteristics Responsible for Effects

on Human Lung Epithelial Cells

Ann E Aust, James C Ball, Autumn Huy, JoAnn S Lighty, Kevin R Smith,
Ann M Straccia, John M Veranth, and Willie C Young
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